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PREFACE 

The blast-furnace is the key which unlocks Nature's stores of iron 
for our use. It is unique in having been unchanged in principle for several 
centuries, and in having no substitute. For the steam engine we have 
the gas engine, for the Bessemer converter the open-hearth, but if the 
blast-furnace were taken from us, civilization would be halted. 

It is the most complex in principle and the most difficult to operate 
successfully of any metallurgical apparatus, and its proper understanding 
probably requires more years of study than any other industrial opera- 
tion; for all these reasons it deserves the profoundest investigation and 
consideration. 

It is surprising that in nearly half a century, since the publication 
of Sir Lothian Bell's last work, no comprehensive book on this subject 
has appeared in any language, and a growing need has been felt for one. 

I happen to have made several investigations which served to explain 
some of the phenomena of the blast-furnace not previously understood, 
and it seemed proper that the results should be recorded, for if they are 
right, they will save others the time and trouble of going over the same 
ground again, and if they are wrong, they will inspire the oncoming genera- 
tion to prove them so, and in the end will, even by that circuitous route, 
lead to the truth at last. This is my reason and must be my apology, 
if any be needed, for attempting to treat a subject of such magnitude and 
difficulty. The best efforts of my leisure for more than three years have 
been spent upon the work, but the subject is too vast for one man to do 
it justice. 

In many cases my own opinions are given for what they may be worth, 
because it seems to me that those books which simply give a number of 
opinions without any indication of the author's preference are of little 
real use. Nevertheless, I have tried to distinguish clearly between proven 
facts and my own opinions; for this reason I have used the first person 
throughout. 

The book is deficient as regards the history of its subject, for the 
reason that I know little about the early history of the blast-furnace 
and have but little faculty for historical investigation. I have attempted 
to give enough recent history to show the present trends in the industry, 
and to make a presentation, not of an industry in a static condition, but 
of one undergoing a healthy evolution. 

vu 
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It will be noted that, as the title implies, the book contains little or 
nothing on foreign blast-furnaces; this is not because these are unworthy 
of attention, but because my very limited knowledge of that portion of 
the subject did not permit me to do it justice, and I was unwilling to 
give a second-hand treatment of it. 

I wish to acknowledge the help I have received in the form of facts 
and ideas from nearly all the fumacemen I have met. I have tried to 
make specific acknowledgment in the text to those who have given me 
the most valuable information; undoubtedly I have missed some, but 
the omission was unintentional. 

To Dr. E. F. Roeber, the Editor of "Metallurgical & Chemical En- 
gineering," in which the book first appeared as a series of articles, I make 
here my profound acknowledgment of his helpfulness, patience, appre- 
ciation and encouragement. 

To Mr. D. M. Liddell, author of the "Metallurgists' & Chemists' 
Hand Book," my sincere thanks are tendered for reading over my manu- 
script and finding in it many obscure paragraphs and errors whose presence 
I suspected, but, owing to too great famiUarity with the text, could not 
sec 

To Mr. Bradley Stoughton, Secretary of the American Institute of 
Mining EIngineers, I am indebted for helpful and constructive criticisms 
on several of the chapters. 

My attempt to cover the field has outrun the limits of one volume, 
and this will shortly be followed by a companion volume, "The Principles, 
Operation and Products of the Blast Furnace." The separation into 
two volumes is merely for convenieiice. 

J. E. J. Jr. 
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BLAST-FURNACE CONSTRUCTION 

IN AMERICA 

INTRODUCTION 

Fundamental Conditions — Definition op Blast-Furnacb- 
Classification by Fuels Used — Essentials of Plant 

Iron is one of the most common element& in nature. Geologists 
state that it comprises about 4.4 per cent, of the earth's crust and that 
there is strong proof that the whole interior of the earth below a depth 
of a few miles is composed of iron. The vast segregations which have 
gone on throughout geological time have resulted in concentration of 
iron to all degrees from the lowest up to 72 per cent. The concen- 
tration never exceeds this degree (Fe304) for the reason that iron is 
unlike most other of the useful metals in one important particular. It 
is seldom or never found native on the earth, except in the form of 
meteorites which have fallen from space. 

This is in consequence of the great affinity of iron for oxygen, with 
which it will unite under almost all conditions of temperature and 
chemical environment found on the earth. This brings us to the 
fundamental fact in the metallurgy of iron which distinguishes it from 
all the other useful metals. 

Its only ores are its oxides. The sulphides are probably the most 
important ores of the other useful metals but sulphide of iron is not 
regarded primarily as an ore of iron but only as an ore of sulphur, partly 
because its sulphur value is greater than its iron value and partly 
because the blast furnace cannot produce good iron from material 
containing much sulphur. 

When the sulphur is burnt off for conversion to sulphuric acid the 
iron takes up oxygen to replace the sulphur and becomes an oxide. 
These artificial oxides then become iron ores under certain conditions 
and with certain limitations which will be discussed later. But the 
use of iron sulphide as iron ore either by burning the sulphur ofif to 
waste, or directly in the furnace, as is so commonly done with the 
sulphides of other useful metals, is entirely unknown in the metallurgy 
of iron. 

It is true that carbonates are important sources of iron in Europe, 
but their carbonic acid is not strongly held and before they are charged 
into the furnace it is driven ofif by an oxidizing roast which converts 
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the resulting ferrous oxide FeO to ferric oxide Fe208. This reaction 
takes place so easily that it even occurs slowly under ordinary atmos- 
pheric conditions, but with the slight modification in that case that 
the ferric oxide takes up water of combination and becomes limonite. 

More than 90 per cent, of the world's production of pig iron is 
derived from ores which occur in nature as oxides and the remainder 
comes from the roasted carbonates and the ferric oxide or "pyrite 
cinder" derived from the sulphides. 

From the point of view of the blast-furnace, therefore, it is correct 
to say that the only ores of iron are the oxides. 

The removal of the final traces of oxygen from iron is so difficult 
that it can commonly only be done with an expensive gas like hydro- 
gen or methane or by solid incandescent carbon and as the latter is 
commercially so much more available we may say that industrially iron 
is reduced only with solid carbonaceous fuel. 

Fundamentally then the metallurgy of iron consists of the reduc- 
tion of the oxides through the use of solid carbonaceous fuel. This 
operation is carried on to the extent of a few hundred tons per year in 
the Catalan forge and to the extent of some sixty or seventy million 
tons in the blast-furnace, which, therefore, constitutes the foundation 
of the iron industry. 

The blast-furnace is a shaft furnace, the "high-furnace" of France 
and Germany, and takes its English name from the fact that the air 
to support combustion must be forced into it under pressure because 
of the resistance to the passage of the combustion gases offered by 
its high shaft filled with material. It became, therefore, a "blast" 
furnace as opposed to a draft furnace, which obtains its air through 
chimney draft. 

The blast-furnace is Tiistorically the outgrowth of an attempt to 
utilize the waste heat of a "low furnace" or Catalan forge so as to 
reduce the fuel required for the latter and is probably the first indus- 
trial application of what is called the counter-current principle. 

This may be defined as a method of transmitting the properties 
of one mass of matter to another by causing the two masses to travel 
past one another in opposite directions in intimate contact. This 
process leads naturally also to continuous as opposed to intermittent 
operation, one of the great desiderata of industrial processes. 

This practice of superposing a shaft on a hearth has so long and so 
universally prevailed in the iron industry that it has caused us to 
overlook one of the most important facts concerning the blast furnace 
and one to which we shall have occasion to revert many times; namely 
that it is an apparatus in which we have merged two distinct processes. 
First, the reduction of iron oxide to metallic iron. Second, the melting 
of the reduced material. 
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The deep fire necessary for melting the "iron sponge" or reduced 
iron in a reducing atmosphere (without which it would instantly 
become oxidized again) was not unlike a gas producer in its construcr 
tion and operation, and consequently discharged a hot gas rich in CO. 

The utilization of this heat was the object sought by those early 
unknown pioneers who added the shaft above the low hearth or Cata- 
lan forge, increased the blast pressure to suit, and so transformed it to 
the blast-furnace. 

The fuel economy desired was obtained to such an extent that the 
low hearth dechned to a position of insignificance, although the change 
brought many other changes not contemplated by the pioneers, some 
of which were not to their liking. 

Most of these must await discussion in subsequent chapters, but 
one was vastly important because it made a radical alteration in the 
character of the product, and in the process. The original product 
was tough and pasty, and could not be melted but could be "wrought" 
directly under the hammer, while the product of the improved furnace 
could not be worked under the hammer, either hot or cold, passing 
immediately from the liquid state in which it could be "cast" or 
poured to the brittle solid state. Hence the names of the two principal 
varieties of iron, "cast" and "wrought." 

The production of the iron in the liquid condition contributed 
further to the continuity of the process since the iron could be allowed 
to gather in a pool at the bottom of the furnace instead of requiring 
to be worked up through the fire at intervals in lumps or "loups", 
with fire tools; and the subsequent introduction of a fresh charge 
of ore. 

The shaft-furnace along with these advantages brought a require- 
ment of far-reaching importance. The column of stock must be pene- 
trable to a considerable gas volume at a reasonable pressure. This 
requirement is just as important to-day as it was in the early day of 
which I have spoken, though it must be confessed that our ideas of a 
"reasonable pressure" have undergone great changes. 

This penetrability of the stock column may be seriously if not 
fatally impaired by either of two conditions. 

First, the presence of tarry or sticky matter which would fill up 
the interstices of the charge and make it practically gas-tight. 

Second, great fineness of the charge, either of the ore or of the fuel. 
Moreover, the fuel is subject to a certain solvent action by the gas as 
will be described later, and this is more active in proportion to the 
fineness of the fuel so that serious loss occurs if the latter be too fine. 

The two principal fuels available, wood and bituminous coal, in 
their native condition both contain tarry material, generally in import- 
ant quantities. The vast majority of their varieties are, therefore, 
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not adapted to use as furnace fuels without preliminary treatment 
to drive off the tar, so that this condition is industrially of paramount 
importance. 

We can now combine all these necessary conditions to form a 
fimdamental definition as follows: 

The hlast-fumace is a vertical shaft-furnace blown with air under 
"pressure for reducing iron from its oxides and delivering it in a liquid 
condition. Its fuel must be not only solid but in lumps of considerable 
size and must be sufficienlly free from tarry components to permit the 
passage of the gas resulting from the combustion in the hearth. 

Additional requirements. — We have given a definition of the fun- 
damental requirements of the blast-furnace. To these may be added 
two more, which are necessities in the case of more than 99 per cent of 
the iron produced. 

First, the slag must be suflSciently fusible to run freely from the 
hearth at a temperature easily attainable. 

Second, the blast must be warmed before being delivered to the 
furnace. 

The single exception to these two conditions occurs in the case of 
furnaces making cold-blast charcoal iron of which probably not over 
twenty or twenty-five thousand tons per year are produced out of a 
total of some thirty-five million tons in the United States. In this 
case the temperature attainable is very low and in consequence the 
slag is not heated hot enough to run freely and has to be removed 
from the furnace with the assistance of mechanical means such as slag- 
hooks, etc., or, if it comes from the furnace without assistance, it chills 
before going more than a few feet and is accordingly troublesome to 
remove. 

Leaving out of account this very small percentage, all blast-fur- 
naces are blown with blast heated from 500 deg. to 1400 deg. F. and 
their slag is heated to a degree sufficient to enable it to run from the 
furnace without assistance and far enough to reach some convenient 
means of ultimate disposal. The heated blast was introduced by the 
Englishman, Neilson, about 100 years ago, and it has made possible 
the modern development of the blast-furnace because the velocity of 
combustion of the fuel is so greatly augmented by preheating the blast, 
and the continuity of the operation has so increased by raising the 
molten iron and slag well above their fusion points, that outputs have 
been increased almost a hundredfold since. 

Characteristics required of the fuel. — In addition to these funda- 
mental requirements of a blast-furnace fuel, that it shall not be tarry 
and shall be in lumps, there are others of nearly equal importance. 

The three characteristics next in importance to those mentioned 
are first, purity, particularly freedom from sulphur and phosphorus. 
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Second, porosity or ratio of surface to mass. Third, physical strength 
or resistance to crushing. 

Freedom from sulphur and phosphorus. — The reason for the 
importance of this requirement is that next to carbon these two ele- 
ments exert the most important influence of any of the common constit- 
uents in steel, both being destructive of quaUty if present to an extent 
greater than one-tenth of one per cent. If present in the pig iron of 
which steel is made they cannot be eliminated at all when certain proc- 
esses are used, and in the others only with increased difficulty and 
expense. In foundry irons phosphorus is not objectionable within 
certain limits, but sulphur is almost as much so as in steel, in all ordi- 
nary practice. 

The blast-fiu-nace may be so operated as to remove the sulphur in 
the charge but only with increased cost for fuel and flux and with 
decreased output and in some cases with reduced quaUty. 

For these reasons sulphur in fuel is always bad and progressively 
worse as its amount increases, although its removal is possible. 

This is not the case with phosphorus, virtually all of which present 
in the charge goes into the pig iron, in normal operation. 

Phosphorus in the fuel, on the other hand, may not be objection- 
able in any given quantity for certain iron, but if objectionable is 
prohibitive of the use of that material because its removal in the 
blast-furnace is impossible. 

Porosity* — The importance of this quaUty of the fuel comes from the 
fact that the velocity of combustion of carbon in air is not infinite but 
limited. Only a limited amount of carbon per unit of surface exposed 
can combine with oxygen, no matter how favorable the conditions, and 
in order to secure the rapid combustion necessary to produce high output 
from a given size of furnace, much surface must be exposed by the fuel. 

This cannot be done by reducing its size and so increasing the 
ratio of surface to volume and mass, except to a very limited degree 
for reasons already explained, and high combustion velocities can, 
therefore, only be obtained with porous fuels. 

The porosity also has a direct bearing on the volume of a given 
weight of fuel, and this also will be shown subsequently to have an 
important influence on the operation of the blast-furnace. 

Physical strength. — This is important because without it, no mat- 
ter how large the lumps of fuel may be initially, they are broken by 
the superincumbent weight of the charge column as the coke descends 
into the furnace and we have that condition of fineness of fuel which is 
so objectionable. 

On account of the fundamental effects on the operation of the fur- 
nace and the quality of the iron caused by these chemical and physical 
variations in their fuel, furnaces and the irons they produce are com- 
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monly and quite properly classified by the fuels used. These are in 
the order of their importance as follows: Coke, charcoal, anthracite, 
raw coal. 

The magnitude and components of the plant.-— The iron blast- 
furnace is now probably the largest industrial apparatus in use, not only 
in size of plant, but in the quantity of raw materials consumed, and out- 
put. Furnaces have often been built which produced 600 tons of 
iron per day, but modern practice tends to slightly smaller units, 
furnaces now being built only for an output of about 500 to 550 tons 
per day; but this is maintained as an average output for months and 
years together. 

To produce a ton of iron under favorable conditions requires about 
2 tons of ore, i ton of flux, 1 ton of fuel and about 4 tons of blast; 
greater quantities are required when the conditions are less favorable. 
With each ton of iron is also produced about 5^ tons of waste gases 
and about | ton of slag, the latter, as well as the iron, being handled 
in the liquid condition. For a 500-ton furnace we have, therefore, to 
handle every twenty-four hours about 1700 tons of solids, 750 tons of 
white-hot liquid and 4800 tons of hot gases (blast and waste gases 
together). 

To do this on an industrial scale and with a labor cost amounting 
in good practice to less than 50 cents per ton, a great plant is neces- 
sary. Such a plant must contain the following parts: First: The 
shaft-furnace itself, through which the entire mass of material just 
mentioned passes, the solids passing down to the liquid condition at 
the bottom and the gases upward through them. Second: Means for 
handling the raw materials, ore, fuel, flux, proportioning them properly 
and delivering them in certain accurate and positive relations into the 
top of the furnace. Third: Means for raising the atmospheric air to 
a pressure sufldcient to force it through the furnace in the quantity 
desired. Fourth: Means for heating this supply of air uniformly and 
regularly to the temperature desired. Fifth: Means for handling the 
molten iron on its discharge from the furnace and turning it into a 
commercially salable product. Sixth: Means for removing the slag 
from the vicinity of the furnace. Seventh: Means for removing the 
gases from the top of the furnace and (as these gases are a valuable 
fuel) for leading them to those portions of the plant where they can 
supply the energy for compressing the blast and heating it. There is 
an eighth requirement not embodied in our fundamental definition, 
but which has become an absolute necessity notwithstanding; a sup- 
ply of water for cooling certain parts of the furnace and preventing 
the intense heat inside from destroying the structure. 



CHAPTER I 
HANDLING THE RAW MATERIALS 

The average ouput of blast-furnaces has increased in little more 
than a generation from about thirty tons per day to about five hun- 
dred tons per day. This great increase has occurred simultaneously 
with a decrease in the supply of labor relative to the demand, and a 
great increase in its cost. 

These two circumstances have brought about great changes in the 
methods of handling the raw materials for pig-iron manufacture. 
These materials are so generally ore, coke and limestone, that unless 
definitely stated t^ the contrary, they will be meant when the term 
raw materials is used. In furnace parlance these are also known under 
the name of "stock," and the building in which the supply is stored 
to cover irregularities in daily receipts is known as the "stock house," 
a term which has survived the existence of any actual house. 

The prime condition for successful operation of the furnace is that 
it must be run continuously. This is a fact that it will be necessary 
to emphasize many times in subsequent chapters. This term means 
Uterally twenty-four hours a day, seven days a week, fifty-two weeks 
a year, and for several years at a stretch. To enable furnaces to be 
operated in this way a supply of raw materials must always be on 
hand, in spite of interruptions to transportation and other conditions 
which make regular daily receipts impossible. The first and obvious 
one of these conditions is the occurrence of Sunday, when transporta- 
tion is always partly, very often wholly, susp)ended. This makes it 
indispensable to have a supply of raw materials large enough as a 
minimum for two or three days' run, and rising as high as a six months' 
supply in many cases. 

The small charcoal furnaces of the old days were generally built 
close alongside of a very steep hill, and had a bridge running from the 
top of the furnace over to a leveled yard or space on the hill, served 
by a wagon road with an approach long enough to p)ermit the hill to 
be surmounted. All raw materials were delivered by team into the 
stock house built on this level space, and unloaded, at first by shovel- 
ing from the wagons, later by wagons with loose bottoms, which could 
be pulled out, one board at a time. These materials were shoveled 
by hand into filling barrows, which were then wheeled onto a platform 
scale set for the correct weight of the given materials. The weight 
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was adjusted by shoveling into or out of the barrows to make the 
balance correct, and the barrows were then wheeled across the bridge 
to the top of the furnace and there dumped. Of other equipment 
besides shovels, barrows and scales there was none. The number of 
men employed was not very great because the quantity of material 
handled in a day was small. Fifty years ago it probably did not aver- 
age much over one hundred tons in twenty-four hours, and as a small 
number of men could handle this amount of material, equipment 
would not have been needed had it been available, because the saving 
would have been too small. 

With the great increase in the size of the units, conditions became 
more and more difficult. The gangs of men required to j&U a furnace 
grew to be large. The work was hard and it was very difficult to 
maintain full gangs. It must be borne in mind that no delays could 
be tolerated, a short suspension of filling would let the furnace get 
"down," which would probably be reflected in poor iron or in some 
other form of bad furnace work the next day. 

More than 80 per cent, of the iron produced in the United States 
is made from ores mined in the Lake Superior region and transported 
wholly or partly by water to the points of consumption. Navigation 
on the Great Lakes is open nominally seven months, but actually only 
about six in each year. Therefore furnaces which derive their ore 
supply from this region are under the necessity of having on hand a 
six months' stock of ore at the close of navigation. If the furnaces 
are some distance removed from the receiving port of the ore, the 
latter may be stored on the docks or at storage yards maintained by 
the railroads. But the best practice increasingly tends toward ship- 
ping the ore directly to the furnace plant, and storing it in an ore 
yard devoted to that exclusive purpose, and not infrequently equipped 
with powerful and expensive machinery for putting the ore into the 
stock pile and reclaiming it as needed throughout the year. 

A plant of four furnaces, each of a daily capacity of five hundred 
tons of metal, is not a large one as furnace plants go to-day, but such 
a plant consumes four thousand tons of ore per day, or 1,460,000 tons 
per year, and all of this must be stored during six months or less, and 
half of it, say 750,000 tons, must be reclaimed from storage during the 
six months which includes the winter weather, and principally in 
the severe climate which characterizes the central district of the United 
States. As it is characteristic of the Lake Superior ores to carry from 
a minimum of five or six, to a maximum of twenty-two or twenty- 
three per cent, of moisture, with an average of ten or twelve per cent.; 
and as this moisture is not combined with the ore, but only held by it 
in the shaj)e of moisture, these great stock piles freeze to a depth of 
several feet, and the ore being soft and plastic, like clay or sandy 



HANDLING THE RAW MATERIALS 9 

loam in most instances, the frozen mass is exceedingly hard. Machin- 
ery well able to handle the material in its imfrozen condition would 
be unable to stand the service on frozen ore for the briefest period. 
This adds another very severe condition which must be met in han- 
dling the raw materials for iron manufacture in a preponderating por- 
tion of the industry. 

Stock hoisting. — The first change from the primitive arrange- 
ment I have described was the introduction of power hoists for 
taking the material to the top of the furnace. These were of two 
kinds, vertical and inclined, but irrespective of this, in the majority 
of cases a platform was used on to which the barrows were rolled by 
men at the bottom. The platform was then hoisted, whether ver- 
tically or on an incline was a matter of detail, and men at the top, 
known as top fillers, took the barrows off the car, distributed them 
around the top of the furnace and dumped them. 

The introduction of power hoisting as a substitute for the bridge 
method of bringing the material to the top of the furnace was neces- 
sitated by the increase in the height of the furnace from some twenty- 
five or thirty feet to fifty, sixty and seventy feet. No hill could be 
found steep enough and high enough to lend itself to filling purposes 
for furnaces of such heights. 

The operation of fiUing being continuous, and the need for capacity 
growing rapidly after the introduction of power hoisting, double act- 
ing hoists were introduced very early and are used almost universally, 
with certain exceptions to be noted later. By this means the plat- 
forms, cars and filling barrows balance each other on the ascending 
and descending trips, leaving only the useful load of the charge to be 
hoisted. This effects the saving of a great deal of power, and permits 
the use of much smaller hoisting apparatus. 

Many styles of hoisting apparatus were tried in the early days of 
power hoisting, hydraulic, pneumatic, water-balance, and various types 
of engine-driven hoists were used. Nevertheless this was one of the 
earUest parts of the equipment to become standardized, and for many 
years there has been used a very simple type of vertical two-cylinder 
engine, with cranks at right angles, and the engine shaft geared to the 
rope drum with either a single or double reduction gear. These en- 
gines are not fitted with a link like that used for reversing locomo- 
tives and other high-grade engines, but are reversed by running the 
steam in opposite directions through their port^ One set of openings 
constitutes the inlet when running in one direction and the exhaust 
in the other. 

In order to operate successfully on this system the valves must be 
set without "lap" or "lead," the eccentrics being exactly at right 
angles to the cranks, so that the steam follows the piston full stroke. 
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and is not used expansively, even to the slightest degree. As a result 
these engines are very extravagant of steam, using about one hundred 
and twenty pounds per horse-power as against twelve to twenty 
pounds for ordinarily good engines in power stations. 

In the last ten or fifteen years there has been a growing tendency 
to avoid this great waste of ateam by the use of motor driven hoists, 
these obtaining their current from generators in the power station, 



driven by an engine using not much more than a tenth of the steam 
per horse-power that is required for the hoisting engine. 

There are, however, problems of control which have had to be met 
and which have proven rather difficult. With the large masses of 
material now handled it la very important that the operation of hoist- 
ing be started and stopped gradually to eliminate the excessive inertia 
stresses which would otherwise arise. These problems have been 
solved successfully with the steam hoisting engine by the use of sup- 
plementary throttles thrown in and out of operation by a cam travel- 
ing at ft suitably reduced speed. In order to accomplish the same result 
with the electric hoist, sliding contacts and a great multiplicity of 
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switches were at first considered necessary, so that the switchboard 
for such an apparatus was very large, elaborate and expensive. 

This problem has, however, been worked out successfully, and such 
electric hoists are now articles of regular manufacture, as are the steam 
hoisting engines previously mentioned. Fig. 1 shows a modern steam- 
driven blast-furnace hoist for a furnace with a vertical hoist tower, 
where the ropes are led by guide sheaves from the tops of their respec- 
tive cages to points vertically over the opposite sides of the drum, so 
that when the rope from one cage is winding up that from the other 
is unwinding. The cages are thus balanced through the hoisting 



Fig. 2. Steam driven hoist for a skip-filletl furnace. 

drum rather than directly. This hoist is built by the Otis Elevator 
Company. 

Fig. 2 shows a steam-driven hoist for a skip-filled furnace, in which 
there are two distinct drums, separated by a suitable distance hori- 
zontally so that the center of each drum shall be in the central plane 
of its skipway. This will be more fully explained in dealing with skip 
hoists. This hoist is also built by the Otis Elevator Company. 

Fig. 3 shows an electrical hoisting apparatus with its switchboard, 
built by the Lidgerwood Manufacturing Company. It will be seen 
that the rope drums in this are the same type as that shown in Fig. 
2, this also being for a skip-filled furnace. 

Hand-filling and filling-barrows. — The system of handling raw 
materials in barrows was almost universal until the middle of the 
decade beginning in 1891. Many attempts had been made to elimi- 
nate at least a portion of the labor required for handling the great 
quantity of material needed as furnace outputs increased. But these 
were either mechanically unsatisfactory, or else their effect upon the 
work of the furnace was detrimental, in many cases disastrous. The 
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reasons for this, in so far as they are known, will be given at some 
length in describing operation; suffice it for our present purpose to 
say that probably ninety-j&ve per cent, of all the iron made for thirty 
or forty years previous to the year mentioned was made from raw 
materials handled in filling barrows. These are so widely known that 
it seems almost unnecessary to describe them, but for logical com- 
pleteness a brief description may not be amiss. 

These barrows are universally two-wheeled, with at least one of 
the wheels loose on its axle to enable them to turn comers easily, 
and provided with stout legs on the rear end, which hold them level 
when standing. They are dumped by tipping forward on the axle, 
the wheels remaining stationary when they come against the dumping 
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Fig. 4. Ore Barrow. 

ring on the top of the furnace. On account of the vast difference in 
the specific gravity of coke, and ore, or limestone, a different type of 
barrow is generally used for handling these two kinds of materials. 
The ore and limestone barrows are as shown in Fig. 4, and the coke 
barrow as shown in Fig. 5. The latter are much larger and provided 
with a door in front, which is held shut by a latch, this latch being 
released from the rear a moment before the barrow is dumped. This 
construction is used in order to obtain a reasonable capacity for so 
light a material as coke. These barrows are built of steel plate, very 
substantially riveted together throughout, as they are subjected to 
continuous service and particularly to very heavy shocks when they 
are dumped, the nose of the barrow dropping forward on the iron 
dumping ring with a hard blow. 

In ordinary practice the barrow weighs about eight hundred pounds 
and can carry a load of about fifteen hundred pounds of ore, but 



14 



BLAST-FURNACE CONSTRUCTION 



they are commonly not loaded quite as heavily as this, as they then 
become too dif&cult for one man to handle, even on good floors. 

The capacity of the coke barrow is roughly one-half as much by 
weight, so that the same number of barrows of coke as of ore are 
required per charge, the ore charge weighing normally about twice 
as much as the coke charge. 

The physical labor involved in wheeling the barrows from the stock 
piles to the foot of the hoist is in ordinary practice roughly the same 
as filling them by hand. Therefore to dispense with hand shoveling, 
and continue the use of filling-barrows, is only a half solution of the 




Fig. 5. Coke Barrow. 

problem of eliminating manual labor in filling. Moreover, when the 
barrow system of filling is used it is necessary to have always one, 
and frequently two or even more men on top of the furnace to take 
the barrows from the cages to the furnace top, dump them and return 
them. 

This labor is more expensive, man for man, than the labor at the 
bottom of the furnace, because it does not pay to have a foreman 
supervise the relatively small number of men required, and yet the 
operation of dumping, with which they are entrusted, is of the utmost 
importance, and with hand-filling, slight variations in the method of 
dumping, more frequently than any other cause, derange the work of 
the furnace. 

For this reason it is necessary to secure a higher grade of labor for 
at least one of these top fillers by paying higher wages. Another rea- 
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son for pa3ring higher wages is that the men are under a certain liabil- 
ity to be overcome by the furnace gas when remaining for a long time 
on top. It is impossible to make the bell absolutely tight and keep it 
so all the while. Small particles of stock lodge on its seat and hold 
it open by an almost microscopic amount until the next dumping, 
when they are swept off, but very Ukely replaced by similar particles 
in some other location, so that the bell seldom shuts absolutely tight. 

There are other points at which gas can escape, such as tha test 
rod hole and various other places through which the gas will find its 
way in quantities frequently too small to be visible, but nevertheless 
tainting the atmosphere sufficiently to overcome men exposed for a 
long time to this poison, even in this dilute state. This possibiUty of 
accident, though real, is small, fatalities in the ordinary course of 
filling being almost unknown, nevertheless it is sufficient to necessitate 
a higher scale of wages. 

For all these reasons the elimination of manual handling of the 
stock from the bins to the furnace top was the goal of furnace builders 
for many years. Blast-furnace engineers were often sure that they 
could build a top that would give results as good as those of hand- 
filling, but managers, knowing that they would be held responsible for 
the operation and that bad construction would not be an acceptable 
excuse for bad furnace work, were for a long time very chary of using 
any method of filling of whose results they could not be absolutely 
sure in advance, and this for a long time meant hand-filling exclusively. 

The Duquesne revolution. — In the middle of the decade begin- 
ning 1891, furnace outputs had become as high as 400 tons per day in 
regular operation. The crews necessary to fill them by hand labor 
with filling-barrows were tremendous. Then, too, the capacity of the 
platform hoists had about reached their limit, and it became almost a 
matter of physical impossibility to fill furnaces for any greater output 
by this means. Accordingly when about 1895 the Carnegie Steel Com- 
pany decided to build at Duquesne a plant of four furnaces with a 
capacity of six hundred tons per day each, these furnaces being about 
twenty-one feet in diameter by one hundred feet high, they determined 
to strike out on new Unes and eliminate altogether hand labor for 
filling. 

M. A. Neeland was then chief engineer of the Duquesne works, and 
he designed what has since become one of the standard methods of 
mechanical filling, commonly known as the bucket system. This was 
a success mechanically and metallurgically and was the beginning of a 
revolution in the construction and operation of blast-furnaces. It hav- 
ing been demonstrated that mechanical methods could be made to 
operate successfully on so large a scale, and with an enormous saving 
of labor, other methods to achieve these ends were soon devised, and 
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as a result it is probably safe to say that three-fourths of all the iron 
now produced is made at furnaces mechanically charged. 

The plan of eliminating labor wherever possible was carried out in 
all directions at the Duquesne plant, whose mechanical equipment 
throughout was the best obtainable at that time. Thus the construc- 
tion of this plant marks a distinct epoch in the history of the blast- 
furnace in the United States. 

The delivery of the stock to the furnace. — Returning now to the 
matter of handling raw materials from the stock piles to the barrows, 
this, as has already been stated, was at first done exclusively with 
shovels, but when the introduction of railroad transportation replaced 
the delivery of the raw materials to the plant by team, it was soon 
found necessary to elevate the tracks on trestles to facilitate unloading 
the material from the cars. 

The cars were at first of the flat-bottom type, but very soon hop- 
per-bottom cars, the prototypes of those in use to-day, were introduced. 
For these trestles became absolutely necessary. It was then a short 
step to install bins underneath these trestles, into which the materials 
could be dumped directly from the cars, and from which, in turn, they 
could be drawn directly into filling barrows without hand shoveling. 

This eUminated probably fifty per cent, of the labor of filling, and, 
considering the great returns which the investment in bins pays in 
the form of labor saved, it is surprising that their introduction was not 
more rapid, but at the time of the Duquesne revolution many plants 
which considered themselves modern and well equipped were still 
handling their raw materials largely or wholly by hand. Since that 
time, however, the use of bins in large plants has become practically 
universal. 

It will be seen that the order in which we have followed these 
developments, in the hoisting of the material, in its transportation 
from the stock house to the furnace, and in its deUvery into the means 
of conveyance in the stock house, is the reverse of their logical order. 
But this is the way the development actually occurred chronologically, 
and to consider them in this order is perhaps justified on this account. 

In discussing the development of mechanical filling, it is now neces- 
sary to revert to the subject of the delivery of the ore, for so large a 
part of the ore in this country is transported by water, and only dur- 
ing a relatively brief season, that this has had profound influence, not 
only on the handling of the ore at the ports of receipt, but also at the 
blast-furnaces, because the machinery which was developed for unload- 
ing the boats was found almost equally valuable, with slight modifi- 
cations, at the blast-furnace also. 

The conditions of water transportation imposed two difficulties on 
this traflic. First, the difficulty of unloading ore from the holds of 
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vessels well below the water line, lifting it to a sufficient elevation and 
transporting it to a sufficient distance to enable it to be deposited in a 
stock pile, and| second, the necessity of doing this in the least possible 
time. 

As has so often happened in industrial history, the solution of these 
difficulties resulted in an eventual benefit of enormous importance to 
the industry concerned. Less than a generation ago, boats of two or 
three thousand tons, the largest then in service on the Great Lakes, 
could be unloaded only by shoveling the ore by hand into tubs, hoist- 
ing these with whips, dumping them on the wharf and then wheeling 
the ore up an incline onto the stock pile. This took vast quantities 
of labor, and as the men required physical stamina and endurance to 
stand up imder this work there was a limited market from which 
this labor could be drawn, and as a consequence the supply was always 
below the demand. This resulted, as it always does in such cases, in 
making the men to a very high degree arrogant, unreasonable and 
difficult to manage. This, in conjunction with the high wages it was 
necessary to pay them, made the unloading process very tedious and 
expensive. 

During the decade beginning 1881, Alexander E. Brown began to 
apply his brilliant engineering ability to the problem of performing 
this work mechanically. His efforts met with the highest success, and 
other engineers, following in the path which he had blazed, developed 
still further the possibilities of mechanism in such work, so that while 
in 1885 it took about three days to unload a vessel of three thousand 
tons, and cost about twenty-five cents per ton, it is now possible to 
unload vessels with machinery designed for this purpose in a shorter 
time than their cargo can be spouted into them from bins on the docks 
at the Upper Lake ports, and at a total cost for labor, power, main- 
tenance, interest and amortization on investment of not over four cents 
per ton. 

In the summer of 1912 a steamer containing something over thir- 
teen thousand tons docked at 1:15 and was unloaded and had cleared 
for the Upper Lakes at 4:35 on the same afternoon. Three hours and 
twenty minutes to remove thirteen thousand tons of material! Prob- 
ably not over twenty-five men all told were employed on the task, so 
that the labor cost was almost negligible. This was a record at that 
time, though it may have been beaten since. 

Ore handling machinery. — On account of the vast influence of the 
machinery developed for unloading vessels on the problem of stock- 
ing and reclaiming ore at the blast-furnace, it will not be amiss to illus- 
trate here some of the equipment by which these results are achieved. 
Fig. 6 shows a fast plant, designed and built by the Brown Hoisting 
Machinery Co., and may be considered the legitimate development of 
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the first mechanical equipment built for this purpose by the same com- 
pany twenty-odd years ago. 

' Where greater stocking capacity is required than the fast plant 
trolley travel will cover, traveling bridges are used, as shown in Fig. 7. 
In these the trolley travels on the straight member of the bridge, which 
is carried on the two traveling towers shown. One of these runs on a ■ 
double set of rails near the dock front, spanning one or more standard 
gauge tracks, the other on a single rail at the rear end. The bridge is 
pivoted to the towers or legs so that it can be slewed at a considerable 
angle. The runway is carried beyond the line of the traveling legs 
on cantilevers, the outer one of which is hinged so that it can be raised 



Fig. 6. Bromi-hoiBt fast plant. 

up out of the way to permit the bridge to pass the spars of vessels. 
Equipment of this type is used particularly where the furnace plant is 
at the lake front. Where the stocking capacity required is so great as 
to necessitate the employment of bridges and where rapid unloading 
capacity for the vesels is also required a combination is made of the 
two styles of equipment. Several fast plants remove the ore from the 
vessels and dump it within reach of the bridge, which picks it up again 
and stocks it as required, as shown in Fig. 8. This system will be 
described more in detail in conjunction with the Hoover & Mason 
and the Wellman-Seaver-Morgan apparatus. 

Fig, 9 shows in diagrammatic style a Hoover & Mason unloading 
and stocking apparatus. This consists of two distinct parts. First, a 
gantry crane with cantilever extensions; one side of it is carried on 
wheels running on the top of the left hand wall of the ore trough, the 
other on wheels running outside the railroad tracks close to the dock 
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face. This gantry supports a horizontal 
which hangs a grab bucket, shown in 
its open position after descending into 
the ship's hold, at the extreme right. 

The method of suspension of this 
grab bucket is such that it may be 
rotated at any angle, for the reason 
that it can only go through the 
hatches when turned with its long 
axis parallel with the hatch. But in 
order to reach out beyond the hatch 
line and get the ore between the 
hatches, it is necessary for it to be 
able to rotate so that its long axis is 
at right angles to the line of the 
hatch. 

The operation of unloading is car- . 
ried on as follows: The grab bucket 
is lowered into the ore, closed, turned 
parallel with the hatch and elevated 
to a position alongside the cab hang- 
ing from the trolley. The whole 
trolley is then traversed back to one 
of two positions and there dumped. 
The first position is just to the left 
of the center of the gantry; the 
other on the left-hand extension of 
the cantilever outside the gantry. 
In the first position it discharges 
into a small hopper and from there 
the ore is loaded into railroad cars 
for direct shipment. In the second 
case it discharges into a concrete 
trough, from which the ore is re- 
loaded by the second portion of the 
apparatus. 

This consists of a traveling bridge 
one hundred and eighty-seven feet 
from center to center of supporting 
legs, with cantilever extensions on 
each end, running its total length up 
to four hundred and ninety-five feet. 
This bridge is also equipped with a 
trolley and grab bucket, the later be- 
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ing of more than twice the capacity of the one which goes into the 
ship's hold, which is of six tons' capacity, the one on the main bridge 
being of fourteen tons. 

This bridge travels on tracks laid on concrete walls raised up well 
above the level of the ore yard, so that the ore will not run down on 
the tracks even when the yard is filled about to its capacity. The 
trolley and grab bucket on the main bridge use the ore in the trough 
as a source of supply, and taking it out of this trough carry it back 
to any one of the three piles under the three portions of the bridge and 
there dump it. 

The drawing is so plain as not to need much detailed explanation. 
Means are provided whereby ore may be shipped out by rail from two 
or three points. At the left of the drawing is the bin system for the 
furnace itself, this plan having been prepared for a furnace plant 
located just back of the dock line on the lake front, but a plant of 
the same general type would be used if the ore were merely stored in 
the yard and shipped out as required through the winter. 

It will be seen that the gantry unloaders are relatively inexpensive 
as compared to the main ore bridge, and it is therefore commonly 
possible to have five or six of these all working on a vessel at the 
same time, and delivering their ore into the concrete trough. The 
large bridge follows these and keeps the trough sufficiently clean for 
them so that they are free to dump in it when they move, as required 
by the contents of the hatchways, etc., thus the unloaders can be 
devoted to the purpose of unloading without much consideration of 
the question of ultimate disposal. 

The bridge, on the other hand, is an extremely expensive apparatus, 
and, being many times heavier than the gantries, cannot be moved 
back and forth as they are, though it can move with sufficient ease to 
follow them at intervals and keep the ore trough free for them. By 
this combination rapidity of unloading is secured without excessive 
expense for long-span bridges. 

The latest developed apparatus for unloading is that brought out 
by the Wellman-Seaver-Morgan Company, and named for its inventor, 
Mr. George Hulett, the Hulett unloader. A diagram showing this in 
conjunction with an ore bridge is shown in Fig. 10. This apparatus 
is equipped with a grab bucket, a modification of the old clam-shell 
bucket, but with two important differences from the machines of 
Brown and Hoover & Mason. 

First, the bucket, instead of being suspended by ropes, is carried at 
the lower end of a rigid leg. 

Second, the grab bucket, instead of having both jaws symmetrical, 
as is the case with the suspended buckets, has one jaw provided with 
a horizontal traversing motion, so that after it is opened, with the 
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jaws swung up into the vertical position, it can be extended several 
feet horizontally, and by be- 
ing lowered into the ore in 
this poBition and then drawn 
in, serves to pull the ore to- 
ward the center of the bucket 
with a motion exactly like 
that of a gigantic hoe. 

The operator rides in a 
small chamber in the stiff- 
leg which carries the grab 
bucket. This is raised and 
lowered by a walking beam 
supported on trunnions, 

which are carried on a truck A 

provided with means for tra- ^ 

versing itself back and forth g 

in the plane of the walking J 

beam, that is in a plane at 'g 

right angles to the dock hne. g 

The track on which the truck "I 

or trolley moves is carried by | 

a traveling gantry bridge ^ 

running on a pair of tracks, '^ 

one close to the face of the '2 

dock, the other some dis- •| 

tance inshore, as shown. ig 

The column, or stiff-leg, ■! 

which carries the grab ^ 

bucket, is held in a vertical ^ 

position by a parallel motion M 

irrespective of the angle of 
the walking beam. 

The grab bucket and part 
of its U»ad are counter- 
weighted at the opposite end 
of the walking beam to re- 
duce as much as possible the 
amount of power required for 
raising it and to facilitate it^ 
control. 

In operation the walking 
beam is tipped to lower the 
grab bucket through the • 
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hatch, the stiflF-leg is then rotated to throw the longer arm of the 
grab bucket into any desired position, and if only a small quantity 
of ore remains in the hold at this location, the long arm of the grab 
is then used to pull several piles of ore together so as to make an 
approximately complete load for the grab, which it then picks up, so 
that it always goes up from the hatch loaded to its capacity. This 
capacity is very large. For a time ten tons was considered to be the 
limit, but several machines are now in successful operation with fif- 
teen-ton grabs. After the grab is closed it is rotated to coincide with 
the line of the hatch and raised up through the latter and the truck 
which carries the walking beam is then traversed inland until the grab 
comes over to one of two or three alternative points of discharge. Two 
of these deUver directly to railroad cars on tracks running between the 
legs of the Hulett. The other is a small retaining hopper running on 
wheels which travels on the landward cantilever extension of the 
machine. 

In case stock piling is to be done the grab bucket discharges into 
this traveUng hopper, which then runs out on the cantilever and dis- 
charges on the stock pile. If more stock pile room is desired than can 
be reached by the cantilever, a traveling bridge is brought into play 
precisely as described for the Hoover & Mason apparatus. The pho- 
tograph (Fig. 11) on the preceding page shows the hold of a vessel 
with the grabs of two of these unloaders at work cleaning up its floor. 
No hand work has been done in this hold, yet it will be seen that 
the floor is almost as clean as if it had been swept, except for the piles 
on which the buckets are still operating.. 

Fig. 12 shows one of these Huletts complete, though not provided 
with a long cantilever extension, but with a bridge in the background 
to do the stock piUng. 

Fig. 13 shows three Huletts working on a vessel with the piles of 
ore at their landward ends, and the outer end of the bridge, which is 
making the stock pile, in foreground. Fig. 14 shows four Huletts 
working on a steamer with stocking bridge behind them. • 

The absolute control of the mechanism which the operator exer- 
cises by having it rigidly supported instead of swung, and by the fact 
that he himself is immediately above the bucket and can see to control 
its movements accurately, gives this machine advantages in handling 
bulk cargoes not enjoyed by any other type of machine. One of these 
advantages is that this accurate control of the grab bucket enables the 
operator to avoid striking the bottom of the hold severe blows with the 
bucket, as frequently happens with older types of apparatus. 

In reclaiming the ore from the stock pile for use at the furnace the 
operation is very similar to that of stock piling. But in this case also 
it is necessary to provide some more easily moveable means than the 
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bridge itself for carrying the ore from the bridge to the point of con- 
sumption. It will be readily underatood that there are always several, 
and often very many varieties of 
ore in the stock pile, and on ac- 
count of the great difficulty in 
keeping these separated, the same 
kinds of ore are always piled to- 
gether, so as to make the indi- 
vidual piles as few in number and 
as large as possible. 

When any given kind of ore is 
desired for the furnace therefore, 
the ore bridge is moved over this 
pile and the grab bucket set to 
work on it. At the furnace or 
discharging end of the bridge it 
spans at least one and generally 
several tracks. Each traverses the 
tops of the bins from which the 
immediate supplies of raw mate- 
rials are drawn. On one or more 
of these tracks runs a drop-bottom 
transfer car, generally driven by 
an electric motor under the con- 
trol of its operator. Such a car 
* can carry fifty or more tons of 
« material at a trip. The distance 
fi from the bridge to the bins where 
S the ore is needed being only a few 
hundred feet, it can readily run 
;g back and forth from bridge to 
B bins, and serve the bridge about 
^ as fast as the latter can reclaim 
'Z the ore. 

^ Many variations of this gen- 

si eral plan of operation have been 
'■^ worked out. In some places re- 
moved from the Lakes the ore 
is received in drop-bottom cars, 
which are dumped from trestles, 
and the ore then reloaded as 
needed, either by taking the fur- 
nace-filling equipment direct to 
the stock pile and there loading 
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it by hand, or by reloading the ore with clam-Bhell buckets, operated 
by- locomotive traveling cranes, loading it into cars on the trestles, 
taking these to the bins and dumping. 

Car dumpers. — Plants removed from the lake shore must, of 
course, receive their ore by rail, and the enormous quantity to be 



Fig. 15. Car dumper. 

handled in the relatively brief open season has made desirable in some 
cases a greater speed in dumping than can be secured even with the 
modern drop-bottom type of ore car. 

To meet this condition an apparatus called a car dumper has been 
applied at some plants. This apparatus has been built in two styles, 
stationary and moveable. The moveable type is greatly to be pre- 
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ferred, because when a stationary dumper is used some style of transfer 
car is needed to carry the ore from the car dumper to the stocking 
bridge, which must stand in the location at which it is desired to stock 
the ore. With the traveUng type of car dumper this is not necessary. 

The car dumper is moved along on its own tracks, just in front of those 

* 

carrying the rear end of the bridge, and the car when dumped delivers 
the ore to the exact spot where it is most easy for the bridge to pick 
it up. 

The general appearance of the car dumper, just back of the retain- 
ing wall of the ore yard, with a car standing in it, is well shown by the 
photograph, Fig. 15. 

This apparatus can easily dump one hundred and fifty cars per 
day of ten hours, and most of the cars used in this service carry about 
fifty-five gross tons. It will be seen that the amount of material 
which can be handled through it in a given time is enormous. 

In spite of the enormous capacity and great efficiency of these 
machines for the purpose intended, it may be doubted whether very 
many plants require the dumping of so vast a quantity of ore in a 
given time as to compensate for the heavy interest charges on the 
investment involved in one of these machines, especially in those cases 
where the ore yard is provided with elevated tracks from which dump- 
ing may readily be done. 

In such a case the amount of labor involved in dumping the desired 
number of cars of ore from modern drop-bottom cars is not great, and 
its cost in all probability does not offset the interest and amortiza- 
tion charges on a car dumper. 

At those plants in which the location of the ore yard is relatively 
high, and it is impractical to provide an elevated dumping trestle, the 
car dumper undoubtedly furnishes the best solution of the problem 
when considerable tonnages are to be handled. 

Power used; — Various kinds of power have been used from time 
to time for operating the various types of ore-handling machinery, 
described and illustrated above, but it is safe to say that at the present 
time no power except electricity is seriously considered for this service 
under any ordinary conditions. This is supplied either from trolley 
wires or from sliding contacts, like a third rail, parallel to the track, 
as the circumstances may require. 

Whether alternating or direct current be preferable is a matter of 
some discussion among experts in this field, but in the majority of 
cases direct current at 220 volts is used, because of the superiority 
of control which the direct possesses over the alternating, and because 
with this kind of current dynamic braking can be used in addition 
to mechanical brakes, for retardation of the moving parts. This can 
not so easily be done with alternating current. 
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Each plant presents ore-handling problems of its own, and in each 
case the problem must be worked out on the basis of the conditions 
to be met. Enough has been said to give a substantial idea of the 
general outUne of the operation. 

Design of bins. — We may now consider the bins which serve for 
storage of the raw materials going immediately into consumption. 

These bins are of many types, bins having had a development 
covering many decades. Substantial and well designed wooden bins 
were in use at a few plants thirty, forty and fifty years ago. But the 
great storage required for modern plants necessitates one and fre- 
quently three or four tracks on top of the bins, all of which must carry 
the most heavily loaded railroad equipment. This, with the exces- 
sive maintenance of wooden structures, has gradually forced the intro- 
duction of steel bins, built as an integral part of the structure which 
supports them and the railroad tracks at the same time. Recently 
concrete bins also have been introduced. 

It is useless to try to illustrate all the types of bins which have 
been used, and I shall therefore show only four of the best known 
types, three of which are brought out by the three concerns whose ore- 
handling machinery has previously been described. 

It is necessary to explain that at the large modem plants where 
equipment of the highest type is used, mechanical filling is now prac- 
tically universal, and these bins are not therefore designed to discharge 
into filling barrows, but into the modern successor of the filling bar- 
rows, the scale car. 

The design of gates for bins is a n^atter, the difficulty of which in 
practice is as great as its simplicity appears to be on cursory examina- 
tion. The material to be handled is irregular in size, irregular in shape, 
rough, as likely as not to be sticky, and more likely than not to have 
its coefficient of friction greatly altered by change from dry to wet. 
If the gate opens and closes from above, guillotine fashion, it may 
just happen to catch the largest lump passing, which may be too 
strong to be crushed, and holding the gate open will leave room for a 
rapid flow of finer material under it. If the shape of the chute be not 
right the material will jam and bridge, exercising apparently almost 
human, not to say devilish, ingenuity, in building an arch which 
quickly cuts off the flow of material from the bin, and which cannot be 
bi"oken outward because the material is under compression, nor inward 
except with the greatest difficulty because the pressure of all the mate- 
rial in the bin lies against it. 

More than one case is on record where an engineer or furnace man- 
ager has designed a new type of gate for a bin, taken a guest out to 
see how beautifully it operates, and then had it fail so completely that 
the filling barrow, or even the scale car, would be buried up because 
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the material could not be shut ofif when the "improved" gate was 
brought into play. 

Even if these fundamental difficulties be overcome great care is 
necessary in placing the spouts on the bins and bringing them suffi- 
ciently close together so that material does not build on the space 
between them and in time almost fill up the bin. This may seem like 
an extreme statement, but I have seen bins of the very best construc- 
tion and most carefully designed, which looked to be full of ore, but 
on closer examination two holes, three or four feet in diameter, were 
to be seen running down from the top to the two chutes blow. These 
holes would represent almost the only free-flowing capacity of the bin. 
The ore being plastic and sticky, had built up upon the base of the 
bin and the bridge between the spouts, until the capacity of the bin 
was almost gone. This is likely to happen to some extent with any 
design, and the only way to meet the situation is to dig the bin out at 
frequent intervals, as the rapidity with which the ore builds is increased 
as it gets a larger and larger foothold. 

It was with the object of overcoming these various difficulties and 
furnishing bins whose flow would be under the absolute control of the 
operator that the four designs now to be described were brought out. 

Taking the designs of the three builders mentioned in the same 
order as before. Fig. 16 shows a "paraboUc*' bin designed by the late 
Alexander E. Brown, of which the principle is taken from the fact 
that when a liquid or semi-Uquid is suspended in a trough of flexible 
material, the cross section assumed by the trough is a parabola, there- 
fore by giving the bin this shape, stresses tending to deform it are 
eUminated, and only its weight needs to be considered. These bins 
are suspended from heavy girders, which in turn are supported by 
steel columns. The complete parabola at the left is for ore. The 
incomplete one of greater width, on the right, joined to the ore bin 
at the left, is for coke. 

The spouts on these bins with their gates in the form of cylindrical 
quadrants are plainly shown at the bottom as is also the scale car 
beneath them. A locomotive crane standing on an adjacent trestle, 
and in a position to discharge ore into the railroad car standing on 
the bin trestle, is also clearly shown. 

The construction of the bins is well shown by the photograph 
Fig. 17. 

Fig. 18 shows the bottom of the bins with their chutes, also the 
scale car and its operator. It will be seen that the quadrant gates 
are operated by a pair of connecting rods attached to crank pins, car- 
ried on a heavy gear shaft, supported at the top of the chute. The 
large gear is driven by a pinion which in turn is driven by a pair of 
bevel gears. From the vertical shaft of the driver of these depends 
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a shaft carried by a universal joint and carrying a socket at its lower 
end. The scale car carries a square-headed shaft, which can be thrown 
up by the operator to engage with the socket for any chute. After this 
is done a small motor is started and the gears are revolved until the 
crank pins come to the bottom, in which position the gate is wide 
open. When the required amount of stock has been drawn the gate is 
raised by revolving the large gear shaft through another half revolution. 



Fig. 17. Paraliolic bins. 

The style of bin and chute designed by Hoover & Mason is shown 
in Fig. 19. No attempt is made in this bin to use the parabolic shape, 
which is open to the objection that its angle changes, so that while it 
may be steeper than necessary in some portions it is flatter than neces- 
sary in others, and the latter condition prevails near the bottom, where 
the flow should take place most freely. 

The bottom of the bin is formed by a horizontal roller five feet 
in diameter which lies close to the bottom edge of the chute, so that 
no material can get between the two. This can be rotated at the 
will of the operator in the direction shown by the arrow. The angle 
from the top of the chute opening in the bin to the top of the roller 
is considerably less than the angle of repose of the material, so that 
no material can possibly get out of the bin when the roller is sta- 
tionary. On the other hand, when it is rotated the material is carried 
forward by the roller to a pwint at which its slope is greater than the 
angle of repose of the material, which then slides off. When the 
roller is stopped the flow of material instantly ceases. 
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The front of the bin is built with louvres with a reverse slope, 
through which it is impossible for the material to make its way out, 
but through which it is very easy for the operator to thrust in a bar 
and break any bridge or arch that may form' to obstruct the flow. 

The roller is driven by means of gearing thrown in by a clutch 
worked by the operator. The gearing is actuated by a line shaft or 
driving shaft, which runs continuously. There is a separate roller for 
each dischai^e, the equivalent of each chute in the older type of con- 



Fig. 18, Bottom of Brown hoist bins with their chutes, and scale 
car with opomtor. 

Btruction, and the design is such that -the ends of these rollers come 
very close together, leaving a miminum of space between them, so 
that the bin is practically open at the bottom all the way along. This 
to a great extent prevents the formation of accumulations of ore, as 
these have no foothold on which to begin to form, the bottom of the 
bin being kept clean by the continuous sliding of the material over it, 
and no bridges between chutes existing. For the coke bin the roller 
IB perforated, and by an ingenious arrangement made to serve as a 
screen for the removal of the fine material from the coke. This action 
is always complete and automatic because the roller cannot run as a 
feed device without also acting as a screen. 

The transfer car used in bringing the ore from the bridge to the 
bin is shown in dotted lines above, eis is also the overhanging end of 
the ore bridge with its grab bucket and trolley. 

A gate has been introduced by the Wellman-Seaver-Morgan Com- 
pany, which is on the same principle in all particulars aa that of 
Hoover & Mason except that the former uses instead of a roller, an 
endless belt made of overlapping metal slats mounted on sprocket 
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chiuns, as shown in Fig. 20. The pressure of the stock on top of this 
is taken by beams lying inside the endless belt, on which its upper 
half slides. Owing to the location of this apparatus up underneath 
the bottom of the bin, the construction is not as clearly shown by the 
photograph as might be desired, but the overlapping metal slats and 



Pig. 20. Wellman-Seaver- Morgan Gate. — Endless belt made of 
overlapping metal slats on sprocket chains. 

the sprocket chains are visible, and the operation will be understood 
from the description of the Hoover & Mason apparatus. The metaf 
belt acts as a bottom to the bin and carries the material bodily forward 
until it drops over the driving-sprocket end into the scale car. 

It will be noted that all three of these designs which jointly have 
probably been appUed to a greater tonnage of bin capacity than all 
other types combined used power for the operation of the gates. 

This is because of the difficulty that has often been met in operat- 
ing hand gates quickly and positively, to which I have already alluded. 
At the same time it must be understood that many hundreds of bins 
are in successful use with hand-operated gates, which have the advan- 
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tage of greater simplicity and lower first cost than any of the power- 
driven gates. 

Fig. 21 shows an outline drawing of the Baker suspension type of 
bin built by Arthur G. McKee, Contracting Engineer, Cleveland, 

Ohio. The gate in 
this type of bin is a 
quadrant of a cylin- 
der, but in the re- 
verse position to that 
used on the Brown 
bin. The axis of the 
cylinder is so located 
that the flow of the 
material tends to 
close the gate, so that 
it is not Uable to be 
opened accidentally. 
The gate is operated 
by the scale-car op- 
erator through the 
lever shown in the 
drawing. 

Owing to the ab- 
sence of machinery 
these gates are only 
separated from one another by the small space necessary for clearance, 
so that the opening in the bottom of the bin is continuous and the for- 
mation of bridges and building up of the ore inside the bins is thereby 
prevented to a great extent. 

These bins are, Uke the Brown, of the suspension type, but instead 
of their cross section being that of the true parabola it is made up of 
four tangents thereto, which give to a large extent the same freedom 
from distortion that comes from the use of a true parabola, any minor 
stresses of this nature being taken up by the transverse partition plates 
and the rigid bottom. 

A considerable tonnage of these bins is in successful operation at 
various plants and there are many others with other types of hand- 
operated gates, some of which are entirely successful. 

Methods of hoisting in mechanical charging. — In hoisting for 
mechanical filling, as apart from distribution (the latter being used in 
the technical sense of distributing the stock properly in the top of the 
furnace), there are two main systems in use to-day, and a third which 
is a combination of some of the features of each. 

In the first system the stock is drawn from the bins into large 




Fig. 21. ^' Baker'' suspension bin with hand-operated 

quadrant gates. 
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round buckets, whose bottoms consist of a cone, or "bell," which is 
merely a large conical valve attached to a rod running up through the 
center to a hook at the top. This bucket is then transported to the 
bottom of the hoist and sent up, hanging by the hook at its top, to 
the top of the furnace, on which it is seated and then dumped by lower- 
ing the hook on the central rod carrying the bell. In this system 
the material does not break bulk from the bin to the furnace top. 

Different systems of rotating the buckets are in use, but this sub- 
ject can more appropriately be discussed under the head of stock 
distribution. Various methods have also been used for lowering the 
bucket on to the furnace top after it reached the proper position. 
But while these differ from the one illustrated, they do not differ suffi- 
ciently in principle to make detailed description necessary. 

In the other system a sort of tank, either rectangular, round or 
elliptical, which is called a skip, runs on an inclined plane, generally 
very steep, under the control of the hoisting rope and supported by 
wheels running on a track on the incline. This runs from a pit beneath 
the filling floor to a hopper above the furnace top, where it turns 
upside down and dumps, then returns to the bottom, its travel being 
thus confined entirely to the inclined track running to the furnace 
top, and known as the skipway. 

This skip is usually filled from a motor-driven dumping car, with 
its body or dumping hopper mounted on a scale carried by the truck, 
called the scale car or larry. This car is traversed along in front of the 
bins and filled from them. It is then returned to a hopper or chute, 
which delivers into the skip when the latter is in its bottom position, 
and there dumped, returning for another load while the skip is hoisted 
to the furnace top. 

In this system it will be seen the stock breaks bulk between the 
bins and the top of the furnace. 

At some plants a combination of these systems is in use, in which 
the bucket with the bell bottom is never removed from the suspen- 
sion truck on which it is carried, or only to a turntable serving it, 
and plies therefore only on the incline, being filled by a scale car 
exactly the same as a skip. The bucket in this case virtually becomes 
a skip which dumps through the bottom while retaining its upright 
position, instead of being turned upside down, as is done with the 
regular skip. 

The first type of distribution is shown in Fig. 23, which shows the 
Ford-Parks modification of the original Neeland top. 

The second of these styles of hoisting is well shown by Fig. 16, 
which is the design of Alexander E. Brown, and with which in con- 
nection with the distribution at the top of the furnace we shall deal 
more at length later. 
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Many variations of each of these sjstcms are in use, \'ery fre- 
quently in the case of the skip hoist the coke bins are arranged on 
each side of the skipway, and coke Is spouted directly into skips with- 
out the intervention of the scale c*r, the quantity of coke being 
measured by skipfuls instead of by weight. This is a very satisfactory 
system if the same coke is always used, but one liable to produce 
great derangement of the furnace if sudden changes are made from 
one coke to another of very different density. 



Fig. 22. McKce-Baker suspended bin with continuous line of 
gat«8, hand operated. 

The skip hoist is built with both single and double skips. The 
advantage of the double skip is that it is perfectly counterweighted, 
without extra mechanism for that purpose, and that it has a very 
great capacity. It, however, labors under the disadvantage that it 
discharges the stock at two points, one each side of the central plane, 
rather than at one point exactly in the central plane, as is done with 
the single skip. 

The skips dump on opposite sides of the main central plane and 
on the same side of the central plane at right angles to it, this 
causes a lack of symmetry, and the irregularities of the distribution 
due to this, if not compensated, or ehminated by suitable means, are 
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likely to cause very serious derangement of the working of the furnace. 
The elimination of these irregularities is made much easier if tl^ 
skip dumps exactly in the central plane. 

A double skip was put in use at the Pueblo plant of the Colorado 
Fuel and Iron Company a number of years ago, designed by Mr. 
E. G. Rust, in which the advantages of both the single and double 
skips were obtained by a most ingenious design. Both skips run in 
the central plane and occupy the same positions at top and bottom. 
Of course when one is at the top the other is at the bottom, and there 
is no fouling in those positions, but in order that they may pass each 
other the tracks starting from the top and bottom diverge from one 
another in the vertical plane so that they are separated vertically at 
the middle of the skip bridge by a sufficient distance to allow the 
under skip to pass beneath the upper. The gauge of the track for 
the upper skip is wider than that for the lower, which runs between 
the rails of the upper track. The deepening of the skip bridge at this 
point tends to give it additional strength at the place it is most needed. 

This system has been in use at the Pueblo plant for a number of 
years, but for some unknown reason its use has never extended widely. 

Location of the hoisting sheaves. — One of the difficulties met 
in skip hoist design is that commonly the hoisting rope must run over 
a sheave located at the upper end of the skipway and come back 
over the top of the skip in order to be out of the way of the stock 
when the skip dumps. This brings the rope above the skipway while 
the hoisting engine is generally most conveniently located underneath 
the skipway. 

Various arrangements have been used to overcome this difficulty. 
In one design a truck is used which carries the skip at its upper end 
and practically pushes it up the incline, the skip being pivoted to the 
truck and having an auxiliary pair of wheels in the front. In this 
case the sheave is put below the skipway and is far enough below 
the skip when it dumps to be out of the way. This puts the rope 
imder the skipway where it is most desirable to have it. 

In a number of cases the ropes have been carried clear over the 
top of the furnace, and the hoisting engine placed on the opposite 
side in order to overcome this difficulty, while in one well known type 
of top two guide sheaves are used on each skip rope, in addition to 
the main hoisting sheave, in order to get the rope out of the way at 
the top and pass it back underneath the skipway. 

In the Brown design of skip hoist the difficulty is solved by the 
use of the single skip, and by putting the hoisting sheave in a plane 
parallel with the skipway as shown in Fig. 16 so that the hoisting 
rope can be returned over one side of the skipway to the engine house 
beneath it. 
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Probably other solutions of this apparently trivial problem have 
been attempted or made, but these are the ones best known and 
most used. 

Dumping the skip. — The method for turning the skip over to 
dump is universally the same. The main rails of the skipway bend 
down from the incline and run in level when they reach the top of 
the hopper, but there are two additional rails set to a somewhat 
wider gauge which continue on in the main line of the skipway. 
These are set far enough apart so that the front wheels can pass 
through them without touching, all the wheels being outside the skip. 
The rear wheels have a supplementary tread outside the regular one, 
which comes onto these supplementary rails just where the main rails 
bend down from their straight line. This carries the rear wheels 
on up while the front ones go forward on a level line, and in something 
less than twice the length of the skip it is turned up to an angle of 
forty-five degrees or more and so emptied completely. 

Counterweighting. — The bucket type of filling must use a coimter- 
weight in order to avoid excessive consumption of power, and more 
difficult control in handling its loads, because from the nature of the 
case the bucket type of filUng must be of the single-hoist variety and 
therefore unbalanced. 

Various methods of arranging the counter-weight are in use. Very 
generally a vertical tower is used of somewhat less height than the 
furnace, in which a weight is raised by the counter-weight rope, when 
the skip is going down. A system of sheaves is used kke an ordinary 
block and tackle in order to get the required counterweighting effect 
with a short travel by using a proportionately heavier counterweight, as 
shown by Fig. 23. 

The Brown hoist when designed for a single skip eliminates the 
problems of reversing the engine and of counterweighting the skip 
by using a hoisting engine in which the drum is connected to the engine 
shaft through a friction clutch under the control of the operator in- 
stead of the ordinary hoisting engine in which the drum is keyed to 
its shaft and positively connected to the engine shaft through gears. 
The engine runs always in one direction and the skip is hoisted by 
throwing in the clutch. On the return trip the skip is allowed to run 
back by throwing out the clutch and controlling the drum with a 
brake. 

The better type of engine which can be applied by eliminating 
the need for reversing makes this system more economical, in spite 
of its loss of power in hoisting the unbalanced skip, than is the ordinary 
system with the skips balanced but using the very uneconomical 
type of reversing engine previously described. The Brown system, 
however, is open to the objection that it requires some skill on the part 
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of the operator in throwing in and out the clutch and lowering the 
skip with the drum brake, whereas the coiinterweighted system can 
be made entirely automatic as to control, etc., by the use of the slow 
starting and slow stopping devices previously described. 



Pig. 23. Ford-Parks Byetem of bucket filling. 

Laiiy cars. — These are almost always used with skip filling and 
sometimes also with bucket filling. Their essentials are in general 
always the same, but the details of their arrangement vary greatly. 
These essentials are a truck, motive power for the truck; a hopper 
with means for quick and complete discharge, and scales on the truck 
supporting the hopper. Frequently also there are means for operating 
the gates on the bins. 

Several of the preceding illustrations of bins have shown scale 
cars also and from these a good idea of the standard types may be 
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obtained. They may be either of the suspended type with their 
rails elevated close up under the bottom of the bins, which has the 
advantage that nothing can fall from the chute or hopper onto the 
rails; or the rails may rest on ties on the ground as in standard 
railway track. 

Many systems of discharge gates have been used and in general the 
details of the design of these cars are adapted to the conditions of the 
individual case and the judgment of its designer. 

A modified type of larry is used with the original bucket type of 
filling in which the buckets are removed from the hook of the hoisting 
truck and taken directly to the bins to be filled, but in this case the 
more appropriate name of scale car is used. 

These dififer ftom the larry principally in having a platform in 
which the bucket rests instead of a hopper; while, like the larry, their 
detailed design is adapted to the conditions of the given case. 

Scales. — One of the most important details of the whole system 
of charging a furnace, which as a whole is probably the most important 
single part of blast-furnace operation, is the weighing of the materials. 
It is customary to look upon the blast-furnace as a rough, not to say 
crude, apparatus. This view is justified in part by the enormous 
forces which it must handle and keep under control. But as a matter 
of fact in spite of its size it is one of the most sensitive pieces of ap- 
paratus in industrial use and runs on smaller margin of safety in fuel 
than any other of our great industrial operations. Changes of the 
'* burden" (a technical name for the weight of ore for a given fuel 
charge) as small as one per cent are not infrequently used in adjusting 
the operation of the furnace to make the kind of iron desired with a 
minimum consumption of fuel. Changes of two or three per cent are 
as large as are often made to adjust for the ordinary variations of 
operation. Such adjustments necessitate accurate weighing, and the 
lack of this has often been accountable for bad furnace operation, 
and even more often, for cases in which claims of remarkable furnace 
work were based upon inadequate or incorrect knowledge of the weights 
of the different materials actually used. Not infrequently the conse- 
quence has been a bitter disappointment when the book inventory 
of the material on hand was compared with the actual stock of such 
material. 

Cases are on record too numerous to mention in which the books 
have shown the presence in the stock house of thousands of tons of 
material, and the financial returns have been estimated on this basis 
only to find on investigation that the material, so plainly shown by 
the books, had been put through the furnace and was conspicuous 
by its absence from the stock house. This has sometimes happened 
with the knowledge, or even through the deliberate action of a dis- 
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honest Buperiotendent, but has also often happened to an honest one 
who had too great confidence in his scale weights. This condition 
is now so well understood that the financial management generally 
insists on a monthly or weekly inventory of the actual material on 
hand, and its comparison and reconciliation with the figures taken 
from the furnace books. 

The scales used for charging purposes have to meet certain special 
conditions, and therefore were early designed by the scale makers for 
this purpose, and given the name of "charging scales." 



Fig. 24. Fumac« charging scale. 

The type of these in common use with the barrow system of filling 
is shown by Fig. 24 (Fairbanks & Co.). These are platform scales 
with the base sunk in the floor of the stock house so as to bring the 
platform level with the floor. In recent years these have nearly 
always been of the suspended type, the platform being carried by 
four suspension rods from the scale-levers over head. This takes the 
latter up out of the way and out of the dirt in which they were neces- 
sarily more or less buried with the older type of scales, in which the 
levers were in a pit below the platform. 
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A special condition that these scales have to meet is that as a 
general thing at least three and generally more kinds of material 
have to be weighed — fuel, ore, and flux (limestone or dolomite), and 
a definite amount of each is required for each charge. 

In order to meet these conditions the scales are built with from 
three to six separate beams, any one of which can be lifted up out 
of operation or lowered onto a frame depending from the main beam, 
so that the two operate as one. The main beam is usually used to 
balance the weight of the empty barrows, and one of the secondary 
beams is then thrown in for each material to be filled, its pea being 
locked fast for the charge weight wanted, this particular beam then 
rises and falls according to the weight of the given charge in the barrow. 
When this has been adjusted by adding or subtracting material this 
beam is thrown out and that for the next material thrown in. 

The introduction of mechanical filling brought about the necessity 
for a different arrangement of the scales, and the trucks which carry 
the buckets to the bins in the bucket system of filling are provided 
with scales under the platform on which the bucket rests; or in the 
case of the larry car used with the skip, the hopper is carried directly 
by the scales which constitute a part of the truck. The same system 
of beams has in some cases been used as in the stationary charging 
scales, but in more recent years it has been found extremely desirable 
to use a recording type of scale. 

The first of these ever installed, so far as known to me, was built by 
the Streeter-Amet Company of Chicago, for the order of Mr. W. L. 
Kluttz, then superintendent of the Thomas plant of the Republic 
Iron and Steel Company. 

This scale carries a large circular dial, around which a pointer 
travels as the weight on the scale increases. Certain fixed markers 
are attached to the face of the scale, in positions corresponding to the 
burden of the different materials wanted, and the scale-car operator 
can watch the gradual rising of this pointer toward the desired weight, 
so securing much more accurate weights than is possible when the 
only indication given by the scale occurs during the brief instant while 
it is in balance, since then it is generally overloaded before the supply 
of material running in can be cut off. 

These scales are also provided with a paper tape, and by means 
of a lever, which is pulled when the correct point is reached for each 
portion of the charge, the actual weight on the scales is stamped 
on this tape, which is locked up in the scale box, entirely inacces- 
sible to the operator. At any interval desired, generally once a day, 
this tape may be taken out and examined to see the accuracy of the 
weights actually obtained, as compared with those called for by the 
pointers. 
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The moral effect of this on the scale-car operator is tremendous, and 
vastly better results can be secured by the use of such an apparatus. 

The writer became general superintendent of the plant mentioned 
between the time that this experimental apparatus was ordered and the 
time it was put in operation. The change produced in the accuracy 
of the weights obtained was almost beyond beUef and the work of the 
furnace on which the scale was used immediately improved very much. 

Since that time the American Kron Scale Company has brought 
out a similar device by which the same results may be obtained. The 
practical importance of this matter is so great, and the moral effect 
upon the scale-car operator caused by the knowledge that a continuous 
record is being made of the way in which he is doing his work, is so 
important that it is doubtful if any furnace is justified in doing Without 
such equipment. 

The scales on scale cars are subjected to a very severe service. 
They not only have to receive the impact and shock of the incoming 
material, but they have to stand the much more serious shocks arising 
from irregularities in the track on which the scale car runs. The great 
inertia of the charge on a loaded scale car causes enormous stresses 
on the knife edges even with apparently insignificant irregularities in 
the track. For this reason switches, cross-overs, and other breaks 
and irregularities in scale-car tracks should be avoided to the greatest 
possible extent. Moreover, these cars should always be provided 
with springs over the axle boxes, or in other suitable location. These 
springs should be the softest, that is, have the maximum travel for 
a given change in stress, permitted by the conditions, as in this way 
the springs absorb the shocks arising from the irregularities of the 
track and keep them off the knife edges. 

I have seen scale cars built entirely without springs, and at the 
same time heard the furnace managers complain bitterly that it was 
impossible to get his scales to stand up and give accurate service, 
without his realizing the reason. 

Means have been provided whereby the weight of the charge 
hopper was Ufted off the knife edges except during the time that it 
was actually being weighed. But it is ordinarily difficult to get scale- 
car operators to use this device. There seems no reason why it 
should not be made to interlock with the traversing motor of the car, 
so that the latter could not be moved except after relieving the knife 
edges of the scales from weight. 

This may seem a matter of too little moment to deserve such serious 
mention, but when the importance of accurate weighing previously 
mentioned is considered, and when it is realized how utterly unreliable 
the best scales become when their knife edges are even slightly worn, 
it is believed that the stress laid on this subject will be justified. 




CHAPTER II 
FILLING THE BLAST-FURNACE 

This is the most important single step in the whole iron-making 
process. The details by which it was carried on in eariy years are 
quite imknown to me. The earliest system of which I have knowledge 
consisted in throwing into the open furnace top the ore and limestone 
from large wheelbarrows, while the charcoal was thrown in from 
baskets made for that purpose, these baskets being elliptical in shape, 
about 4 ft. long by 2^ ft. wide by 1 ft. deep, with hand-holds at each 




Fig. 25. Single bell and hopper. 

end. When mineral fuel was used it was handled in wheelbarrows, 
and even before the introduction of the closed top the use of " filling- 
barrows '* became almost universal except at charcoal furnaces. These 
barrows are the two-wheeled type illustrated in the last chapter. 

The first method adopted for closing the top of the blast-furnace 
was the one which has remained in use practically ever since. The 
apparatus is known as the "bell and hopper." In its simplest form it 
is illustrated by Fig. 25. It consists of an inverted cone forming a 
hopper set on, or in modem practice, fastened to the top of the furnace, 
the opening of the hopper being closed by a cone which sometimes has 
a rounded top and from its general shape takes its name, the "bell." 
The bottom edge of the hopper is turned true in a boring mill as is 
the lower portion of the surface of the bell, so that they make a good 
fit. Into the annular space of triangular section formed by these 
two, the charge is dumped, by tipping forward the barrows on their 
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own axles as a center, then when the bell is lowered, the charge slides 
into the furnace through the annular opening formed. 

During the long period in which the furnace was approximating its 
modern development, ending with the Duquesne revolution, this 
method of fiUing was almost universal. 

The quantity of labor it involved was well recognized, and many 
efforts had been made to avoid this by the introduction of mechanical 
methods of charging; but these have almost universally had a highly 
detrimental effect on the operation of the furnace, so that in earlier times 
they were soon abandoned for the time-tried method universally known 
as "hand-filling." 

It seems at first sight absurd that so simple a matter should be 
so obscure and should involve such great difficulties. But the spacing 
of the stock on the bell, the dumping of the barrows at the edge of 
the hopper, or on the apex of the bell, the size of the charge, and 
whether the ore and stone should be dumped with the coke, or sepa- 
rately, are all questions which may exercise an influence on the working 
and economy of the furnace so great as to be literally vital. 

The laws of stock distribution. — This is a field in which we have 
little or no theory to guide us. Our information comes solely from 
tedious and expensive empirical methods, better described as "trial 
and error. "x Our knowledge of what constitutes correct filling comes 
solely from our observation as to how furnaces work with different 
types of distribution, and while the whole history of this vast subject 
abounds in contradictory experiences, such as the failure of apparatus 
and methods of operation at one plant which have made a brilliant 
success at another, and other facts difficult or impossible to reconcile 
with one another, certain laws stand out as established by experience 
so nearly universal that I believe no one will question them. 

These laws are: 

First — The distribution of each kind of stock in the furnace must 
be symmetrical, about not less than two axes making equal angles 
with each other. 

Second — The same proportion of lump and fine must obtain in 
each of the segments into which the circle of the top is cut by these 
equally spaced axes. 

Third — The distribution of fine and coarse material radially must 
be such as to produce as nearly as possible an equal ascent of gas 
through each portion of the furnace stack. 

To these must be added in some cases, if not in all, a fourth — The 
stock should be distributed not in uniform annular rings around the 
hopper, but in heaps, equally spaced around it. 

In further explanation of the first law it may be said, on the author- 
ity of many trials, that it is not sufficient to dump all the stock sym- 
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metrically on one diameter of the furnace. No matter how carefully 
it may be spaced along that diariieter, or even if it be dumped by 
tipping to first one side and then the other of the diameter, the results 
are unsatisfactory. This is for the reason that the tendency of this 
method of filling is to make two or perhaps three flat columns of coarse 
material separated by one or two flat columns of fines as indicated 



fig. 26. Sketch of distribution when Fig. 27. Sketch of distribution when 

charging along one diameter, one charging along one diameter, two 

wall of firea. walls of fires. 

in Figs. 26 and 27, and the gas travels so much more freely through 
the coarse material that this descends much more rapidly than the 
fine, and reaches the hearth in an unreduced condition, or perhaps 
the opposite action takes place, and the gas being unable to penetrate 
the columns of fine material, does not reduce it adequately, so that it 
reaches the hearth improperly reduced. At all events one portion of 
the stock is reduced ahead of the other and the quantity of fuel which 
must be burned in the hearth is that required by the least reduced 
portion, which therefore limits the economy of the furnace. We must, 
therefore, dump the stock on two axes at right angles, three at GO deg. 
apart, or four at 45 deg. We can use some angle not commensurable 
with 360 deg., but the angle in that case also must be constant; this 
produces the spiral effect described later. 

When hand-filling is used it is quite easy to secure compliance with 
all four of the laws above stated. By dumping at four or six sym- 
metrically placed points around the hopper, with barrows of the same 
sort of material, we comply with the first two laws. By the proper 
adjustment of the size of the bell to the diameter of the stock-line we 
comply with the third, and the essence of the system involves com- 
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pliance with the fourth, that is, dumping in heaps symmetrically 
placed around the bell. 

Hand-filling requires that top-fillers be carefully trained to their 
work, and that some pains be taken to see that they do not dump 
all the material on the side next to the hoist or incorrectly in other 
respects. This is a grave temptation to them when the furnace is 
driving rapidly, and they are pushed to keep up. Their succumbing 
to this temptation has been the ruination of more than one furnace 
manager who could not catch them at this trick, or stop them from it; 
because nothing will more quickly and completely ruin the successful 
operation of the furnace than filling on one side or in any other 
irregular way. 

Even though the top fillers are well trained and faithful, there 
remain certain precautions to be taken even with this simple and 
easy system of filling. The necessity for these arises from two causes. 
First, the distribution and shape of the four heaps on the bell, if they 
are dumped consecutively, are not all alike by any means. Second, 
the charges are practically never made up of a number of burrows of 
each material divisible by the number of dumping points. That is to 
say, we may easily have four or six barrows of coke to the charge, 
to agree with the number of dumping points, but this having befen 
determined, we must have a number of barrows of different kinds of 
ore and of limestone, depending upon the weight of the coke charge 
so established, and these numbers will not commonly, in fact seldom 
or never, be similarly divisible by four or six as the case may be. 

The lack of symmetry of the different heaps in the hopper when 
dumped consecutively is due to the fact that the first barrow dumped, 
striking the hopper when it is perfectly empty, spreads out laterally 
in both directions. The second one dumped on the diameter at right 
angles to it, endeavors to do the same, but the pile which it tends to 
make is stopped from spreading toward the first barrow dumped by the 
pile formed by the contents of the latter. Consequently the contents 
of the second barrow spread freely on one side, but much less freely 
on the other. Thus the center of gravity of its contents does not lie 
in its dumping plane; but is deflected away from the first dumping 
point. The action in the case of the third barrow dumped is exactly 
the same, it in turn is forced around by the pre-existing heap from the 
second barrow. When we come to the fourth barrow, the space into 
which it would naturally spread out laterally, is cut off on one side 
by the heap from the first barrow, and on the other side by the heap 
from the third, with the result that this heap is very generally higher 
and always much narrower than that from any of the other barrows. 

Instead of having a circle divided into four equal parts of 90 deg. 
each, we have the first of 100 deg., the second of 90 deg., the third 
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of 90 deg., and the fourth of 80 deg., or some shnilar arrangement. 
This, of course, lacks much of the ideal symmetry which is required 
not only by theory, but rigorously demanded by the results of practice. 
To overcome this lack of symmetry and also that due to the fact 
that the total number of barrows in a charge is frequently not divisible 
by the number of dumping points around the hopper, we have a simple 
means not as universally used as it should be. This consists in shift- 
ing the first point of dumping on the bell one space each time. A very 
easy method of accomplishing this result is to have a number of 
barrows, one more or one less than an even multiple of the number of 
barrows in the charge. Then if pains be taken to see that the fillers 
go round the top always in the same direction, the first barrow dumped 
on each charge will always be one space away from where it was the 
last charge. On the next, another space, and so on until within a 
comparatively few charges the circuit has been made, and the first 
barrow comes back to its starting point. This means that while each 
individual charge lacks much of symmetry, its initial point is revolved 
so that each portion of the furnace in turn receives the same treat- 
ment, thus producing what is known as "spiral filling/' since any 
given point,. such as the dumping point of the first barrow, in the suc- 
ceSssive charges as they descend through the furnace, makes a series of 
steps very similar to those of a "spiral" (helical) staircase. 

How old this method of filling may be I do not know; it was first 
called to public attention in a paper before the American Institute of 
Mining Engineers by W. A. Barrows, then at Sharpsville, Pennsylvania, 
about ten years ago. On account of the important irregularities in 
any one charge whose origin I have tried briefly to describe, this or 
some similar system, giving analogous results, should always be used 
in hand-filling. 

When two top-fillers are employed another system can be employed 
with good results. This consists in having the two men dump their 
barrows at points immediately opposite one another, and at the same 
instant. The next time they dump opposite to each other again, but 
in the case of 4-point dimiping this, of course, means, at right angles 
to the first position. The two pairs of heaps so produced are not 
similar but each one is similar to its opposite, and by alternating the 
position for the first dump the series of charges formed are all sym- 
metrical about two axes, although the heaps on one axis are not like 
those oh another, but these are alternated so that in the course of a 
double charge we even up the inequalities of one charge with those of 
the next. It is more difficult to secure this sort of filling than it is 
spiral filling, and this kind should not be used in preference to the 
latter except under unusual circumstances. 

The size of the charge unit to be used, and whether the coke and 
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ore are to be dumped all at once or separately are questionB of operar 
tion rather than of construction, and will therefore not be discussed 
here. But in a general way we may say that coke charges range from 
six thousand pounds for small furnaces, up to fifteen thousand, and 
even eighteen thousand pounds on larger ones, while the best practice 



Fig. 28. The Bauman bell and hopper. 

undoubtedly favors dumping the coke separately from the ore and 
stone. Similarly the question of the diameter of the bell which controls 
the radial distribution of the stock is a question of operation, and not 
one of construction, since the same construction is used in both cases, 
with only a relative slight difference in dimensions, and this question 
can therefore be passed over here. 



E^g. 29. Firmatone's modification of the Bauman bell and hopper. 

Variations trf Uie bell and hopper used with hand-filling. — Many 
modifications of the bell have been made with the object of securing 
better distribution and better furnace work. These have sometimes 
been only changes in dimensions, but many other variations have been 
used as well. A number of these are shown in Figs. 25, 28, 29, 30, 31, 
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32, 33, taken from a. paper by the late T. F. Witherbee before the 
American Institute of Mining Engineers, Vol. XXXV, entitled "Special 
Forms of Blast-Furnace Charging Apparatus." 

Fig. 31 is representative of a number of tbeae, this being the Firm- 
stone modification of the Bauman or double bell. The center of the 
cone forming the ordinary bell is cut away by an inverted cone having 
the same angle of slope as the bell, normally 45 deg., and the opening 



Fig. 30. The Durham bell and hopper. 

so formed is closed by a (nearly) stationary part commonly called, 
by those who use this type of top, the "plug." This is not quite sta- 
tionary for the reason that the inner and outer surfaces of the belf 
must both make a good joint. It would be impossible to maintain 
an adjustment of the parts which would secure this if both scats 
were rigid, so the plug is counterweighted until its effective weight is 
very small and allowed a drop of about a half or three quarters of an 
inch, which permits it to follow the bell down for this distance on the 
opening movement, while on the closing movement the bell picks it 
up and makes the joint on its inner seat first, then reaches its seat on 
the outer surface or hopper afterwards, carrying with it the plug 
through the distance the latter dropped in opening. 

Fig. 31 differs from the other types shown in that the gas outlet 
takes place through its center, there being no flues in the side walls of 
the furnace. This secures an absolutely symmetrical distribution of 
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Fig. 31. The Bauman-Finnstone bell and hopper at the Long- 
dale furnaces. 
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the gas as well as of the stock, and while the former is lees important 
than the latter, it is still very important. 

Tight joints in the pipe arc maintained in spite of the rise and fall 
of the center plug by ball joints at each end of the horizontal pipe, 
shown broken off at the left-hand side of Fig. 31. The ball joint not 
shown is at the top of the down-corner over the side of the furnace. 




while the one in the vertical center pipe is shown at the bottom of 
the "tee" which forms the junction between the vertical and hori- 
zontal pipes. The small amount of vertical movement necessary in the 
center pipe is taken up by these ball joints without any difficulty. 
The center pipe, with the plug fastened to it, is suspended from the 
tee by turn buckles, of which the one on the near side is clearly shown 
in the illustration. 

In this type of top the lever which supports the bell can of course 
not be located in the ceTiter, and is therefore made double and takes 
hold of the bell at four points. See Fig. 34, which shows the construc- 
tion used in Fig. 31 also. This type of top was used at the plant of 
the Longdale Iron Company practically throughout its entire life, and 
combined with careful hand-fiUing gave excellent results. The great 
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advantage of the double bell, over the single is that there are two 
openings of different diameters, which combined with the reversed 
slopes inside and outside the bell, permit the stock to be distributed 
more advantageously in the furnace than is possible under most condi- 
tions with the single bell. The latter is confined to a maximum of 



Fig. 33. Tbe Witherbee double bell and hopper. 

three annular area^ of different sizes of material, and may give only 
two, whereas with the double bell there can be two rings of fines, 
and three of coarse material, thus permitting a better distribution of 
the gases over the whole area of the furnace, and exposing the stock 
to this influence much more effectively. 

This top has been used at many other plants beside Longdale, and 
has been very generally commended by those who have used it, but 
it is undoubtedly somewhat more complicated than the single bell 
top, and that, with the extreme difficulty of proving the advantage of 
one or another method of distribution on the furnace unless one of 
those under consideration be very bad, has prevented its general 
adoption. 

A still more radical departure from the standard single bell top is 
the Langen charger in which a central member like a "plug" seats 
downward in the bottom of the hopper to close it, instead of being 
pulled up from beneath, as in the standard type. The "bell," which 
is stili so called in this case, is raised, to open it, instead of being low- 
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ered as is the regular bell. Frank Firmstone developed the double 
Langen charger in which the fliBcharge took place around circles of 
two different diameters as in the Longdate double bell, but both 
openings were produced by raising the closing-pieces or bells, first one 
and then the other. He has described this top as applied by him at 
the plant of the Glendon Iron Company in the transactions of the 
American Institute of Mining Engineers, Vol, XIII. 



The top is well shown by Fig. 34, reproduced from this paper. 

Excellent results were secured with these bells, but more care and 
skill was necessary in designing and operating them than with the ordi- 
nary single bell, and they have never had a wide use in this country, 
although bells of this type are still extensively used in Germany. 

There is one important difference in the conditions under which 
these tops had their principal use and those which predominate to-day. 
This is in the size of the ore, which in those times was almost entirely 
lump comparable in size with the fuel, while now the ore is almost 
exclusively fine. 

In order to have the gas travel uniformly through the stock it is 
very important to have the greater portion of the fines next to the 
walls, since with material of uniform size the spaces next to the wall 
are about twice as great in proportion as they are in the body of the 
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material, because when the high points of the individual pieces inter- 
lock with one another as they do in the mass of the material, the inter- 
stices are very largley filled, but when the high points come against a 
flat, surface the interstices are preserved complete. 

By taking spheres we can determine the amount of the interstices 
under each condition. We find that if there be a layer of spheres 
of uniform size arranged in close contact in equilateral triangles (the 
closest possible spacing) with another layer of Uke spheres resting in 
the low points of the first as they would arrange themselves naturally, 
the voids around the half spheres adjacent to the wall would be 65 
per cent, of their volume, while those around the other half (away 
from the wall) would be 35 per cent. 

This shows quantitatively the effect of the wall in increasing the 
interstices under conditions in which we can calculate it, and the gen- 
eral nature of the effect is the same in irregular materials. 

It is an old tradition in the business that the fine material must 
be put against the walls, and it is obvious from these considerations 
that this is correct, and therefore the fines, that is the ore in modern 
practice, must go largely against the wall if we are to avoid excessive 
flow of gas there. Therefore we need now a single bell of rather large 
diameter in proportion to the stock line, but in the days of lump 
ores it was possible to carry this to an extreme and to have the charge 
column too open through the center and an excess flow of gas there, 
so it was desirable under those conditions to dump part of the charge 
in the center so that some fines would reach that part and help to 
obstruct it. 

The Gas Seal. — For a long time after the introduction of the 
bell and hopper to close the top of the furnace no effort was made to 
prevent the escape of the gas during the time that the bell was opened 
for the introduction of the stock, but with the increased appreciation 
of the value of this excellent fuel it became more desirable to pre- 
vent even this waste, amounting to some 3 to 10 per cent, of the total 
gas produced, and for this purpose a secondary valve or seal was some- 
times provided which was closed before the main bell was opened, and 
opened only after the main bell was closed. 

One of the earliest forms of this apparatus consisted of a huge iron 
lid Uke a pot lid, which was lowered down on to the top of the hopper 
before the bell was opened, and raised again after the bell was closed. 

The introduction of mechanical filling made the closing of the 
furnace top while dumping the main bell, easier and more desirable, 
and the obvious method of doing this was by the use of an apparatus 
simiUar to the air lock used in caisson work which in this case becomes 
a gas lock in which one valve opens from the outside into the lock, 
the other opens from the lock into the furnace. The bell having 
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80 firmly established itself as the only valve worthy of consideration 
for closing the furnace top, it was perfectly natural that a similar bell 
should be used for the top valve of the gas lock, and this has become 
almost universal practice. This was the plan adopted at the Edgar 
Thompson Works, and in several other designs. 

The development of the two-bell type of furnace top made the 
closed position of the gas seal bell the normal one, and this is greatly 
to be preferred because with mechanical filling it is possible to operate 
for a considerable period with the main bell leaking quite freely, if the 
gas seal be reasonably tight, and if it is closed in its normal position. 
But if the normal position of the gas seal bell be open, the leaking gas 
meeting the air burns up through the throat of the furnace and is 
likely to do great damage to all the mechanism, even to the extent 
of softening the rod of the main bell to the point at which it can no 
longer sustain the weight of the latter, thus causing its loss into the 
furnace, an accident involving a frightful amount of hard work and 
serious financial loss due to a shut down of from twelve to forty-eight 
hours, according to the style of top and the preparedness of the man- 
agement for such emergencies. 

With the gas seal bell normally closed it cuts off by far the greater 
portion of the leakage of gas and reduces it to an amount whose 
combustion can do but little harm. I have run a furnace for several 
days with a huge piece out of the main bell, because the hood and the 
gas seal being tight the quantity of gas which could escape was unim- 
portant, but it would be impossible to operate a furnace in this con- 
dition if the normal position of the gas seal were open, because such 
a quantity of gas burning continually would destroy the furnace top 
completely. Even a much smaller leak is a very serious matter under 
these conditions; the result is that more work is required to keep the 
furnace top tight enough for safety, and main bells have to be changed 
more frequently because only small leaks past them can be tolerated. 

Mechanical charging. — Many attempts had been made to use the 
skip for fiUing purposes as well as many other mechanical appliances, 
which would at least permit the eUmination of men to dump the bar- 
rows at the top, since these men were usually the hardest worked, and 
always the ones with the greatest capacity for doing harm, by improper 
dumping. But the results of all these early attempts had been excess- 
ively unsatisfactory because the work of the furnace was so much 
poorer that increased fuel consumption, diminished output, lowered 
quality of product, and reduced Ufe of Uning amounted to very 
many times more on the debit side of the ledger than the sUght saving 
of labor on the credit side. 

In that early day it is well to note that the barrows were generally 
filled by hand shoveling, furnace operators having been exceedingly 
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slow in realizing the value of bins. The impression that the greater 
portion of the work of the bottom fillers could not be reduced explains 
why the early attempts at mechanical fiUing were directed mainly at 
eliminating the top fillers. This made the saving relatively small, 
while the loss due to bad distribution may easily be, in fact generally 
is, of enormous proportions, and may quickly convert a profitable 
into a bankrupt concern. 

With the rapid increase in output which took place in the early 
nineties and culminated in the Duquesne revolution, the difficulties of 
filUng the furnace became more and more serious. In addition to the 
vast difficulty of training and keeping crews of the size necessary to 
do this work by hand, and of supervising their performance of it to 
secure good furnace operation, it became almost a physical impossi- 
bility to handle the number of barrows required, and get them on and 
off of the hoist platform at the top and bottom of its travel, even 
though the operation was kept up at the highest possible pressure for 
twenty-four hours a day and practically without intermission. If 
any interruption occurred it became more and more difficult to "catch" 
the furnace after the stock line had gone down below the proper level; 
the fillers were kept almost up to their maximum speed to keep even 
with it under normal conditions and obviously had to make a stern 
chase in order to overcome any lead that it might get by an interrup- 
tion in the charging. 

The great expense of this method also became more and more 
obvious as the number of men required increased, and looking at the 
matter from the financial point of view it was well worth while to 
make an investment which would eUminate the labor of sixty men, 
while the same investment to eliminate the labor of only twenty 
might be a very poor one. In other words the annual cost was high 
enough to pay fixed charges on a heavy plant investment if a suitable 
means could be found for filUng the furnace mechanically. 

The necessities of the case were so great that renewed and more 
extensive efforts were made to solve the problem of stock distribution 
mechanically, and in the middle nineties a number of designs were 
brought out by various engineers for the accomplishment of this 
purpose. 

There are two broad classes of mechanical filling as already described 
in Chapter II which may be broadly called "bucket filling" and "skip 
filling." There are several varieties of each, though the variations are 
much more matters of detail than of principle. It will be easier 
to discuss the points of the bucket system after considering the 
different types of skip filling, and we will therefore consider the latter 
first. 

Skip filling. — The first installation of skip filling commercially sue- 
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cessful on a large scale was made at the Edgar Thompson Steel Works, 
under the supervision of its furnace superintendent, D. G. Kerr (now 
first vice-president, United States Steel Corporation), and chief engineer, 
E. E. SUck (now vice-president and general manager, Midvale Steel 
Company). By careful, painstaking and long-continued experimenta- 
tion with model tops built exactly to scale, and raw materials crushed 
and sieved to the same scale, the proportions were found which would 
give a reasonably uniform and satisfactory distribution of the stock on 
the bell. A furnace was equipped with a filling apparatus of this 
design, and it was so successful that except for minor details nothing 
else has ever since been used at that plant, a record which I think 
is better than that of almost any other plant in the country, since 
many of them have tried out two or three, and others very many more 
types of tops. 

A typical double-bell furnace top is illustrated by Figs. 35, 36, 37 in 
which the main bell and hopper, the upper or gas seal bell with the 
hood to connect the seat of the upper bell with the top of the hopper, 
and all the accessories of the top, including the skip, are well shown. 

The upper bell does not need to be nearly so large as the lower one, 
since the diameter of the latter is controlled by the size of the furnace 
top into which it discharges the charge, but the charge will arrange 
itself on the main bell in very much the same way irrespective of the 
size of the upper bell. In fact small size is of decided advantage, since 
the nearer the stock enters through a mathematical point in the center 
of the furnace, the more uniform will its distribution be. If the 
upper hopper be large, and the stock be delivered into it irregularly 
by the skips, a greater or less portion of these irregularities will follow 
through the upper bell down into the lower. The larger the upper 
hopper the greater these irregularities may be, and the more com- 
pletely they follow down onto the main bell, and so into the furnace. 

Many plants have adopted what is known as the plain double- 
bell style of skip filhng, but many have had most disastrous results 
with it, and others after the most careful and conscientious trials to 
obtain an exact distribution, have reached the conclusion that no form 
or design of this top is satisfactory because the distance which the 
materials travel is affected by the size, shape and moisture contents of 
the different materials and by the velocity of the skip when dumping. 
What is a perfect distribution on a dry day may be a frightfully bad 
one during a rain storm if the ore becomes wet, while a good distribu- 
tion for a coarse coke, free from fine material, may give horrible results 
with a fine coke much broken up. 

Various ingenious schemes have been used to eliminate or control 
these irregularities, and baffle plates without number have been tried 
and then discarded for the reason that no matter how good the results 
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might be with one condition, they would infallibly be bad with some 
change in the conditions, such as was sure in ordinary operation to 
arise within a short time. Two of these attempts may be mentioned 
as showing the Unes of endeavor. 

The Roberts top, — The Roberts top designed by Frank C. Roberts 
of Philadelphia is shown by Figs. 35, 36, 37, showing a central section 
in the plane of the skip, a front elevation at right angles therewith, 
and the plan view showing the receiving hopper divided into two tri- 
angular pieces, more properly half pyramids, the hopper being a trun- 
cated pyramid with its axis in the center Une of the furnace, and cut 
in two in the central plane between the skips. Each of these half- 
hoppers is mounted on four wheels resting on a stationary track at 
right angles to the plane of the skip. The treads of the wheels are 
wide, and their flanges set back well inside the line of the track so that 
the half-hoppers cannot only be moved in and out, but can also be 
slewed in the horizontal plane in order to secure that distribution 
which, under test, seems to give the best results. In other respects 
the design is similar to that of any other double-bell type of top. 

The Rome top. — The Rowe top was invented by a young man of 
that name at a plant where they had suffered greatly from bad dis- 
tribution. The extreme simplicity of his design enabled it to be applied 
to the furnace with only a short shut-down, and this application re- 
sulted in an immediate and decided improvement in the practice. 
Unfortunately no drawing of this top is available, but it may be de- 
scribed without much difficulty. 

. A vertical plate was set up in the hopper immediately under the 
dumping position of each skip and in its central plane; this served 
to divide the skip load into two precisely equal halves. To this ver- 
tical plate were fastened inclined plates which ran down into the throat 
of the hopper, one of them sloping from the top corner next the skip- 
way to the opposite bottom corner, and its companion plate on the 
other side sloping from the top corner farthest from the skipway to the 
diagonally opposite corner of the vertical plates, so that the planes of 
the two plates made a letter X, but one line of the X was on one side 
of the vertical center plate, the other on the opposite side. The bottom 
ends of the inclined plates were located approximately at the quarter 
points around the circumference of the throat leading to the bell. 
Consequently as each skip load came up it was divided into two 
halves, and those two halves placed on two adjacent quarter points 
around the throat; similarly when the other skip came up its load 
was halved and delivered to the other two quarter points. 

It is obvious that this action would be but little affected by a 
change in the velocity of the skip in approaching its dumping position, 
or by changes in the size, stickiness, etc., of the materials, or at least 
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the changes so produced would be very much smaller than they would 
if the skips dumped directly and deUvered all their material on one 
side or the other of the throat in accordance with variations in the 
conditions. 

One of the earliest designs was that of M. A. Neeland, at the Ohio 
works of the National Steel Company, where the throat of the furnace 
was made quite high, and had set inside of it sloping vanes, roughly 
like a screw thread, which caused the material to whirl around as it 
descended through the throat, and as a result of this whirling a reason- 
ably uniform distribution of the stock was obtained. 

Very much may be done to secure regularity by correct propor- 
tioning of the main parts of the apparatus, the location of the skips 
in their dumping position, the size and shape of the receiving hopper 
which delivers the material from both skips aUke to the throat, and 
many other details. Each has its effect on the general result, but 
while many devices such as those mentioned are available, it is far 
better not to trust to any of these alone but to eliminate the principal 
irregularities as far as possible by correct design in the first place; even 
then there will be plenty for the secondary devices to do to secure 
good distribution. 

These irregularities were in several cases within my own knowledge 
very great. It did not require accurate measurement of the heaps and 
gaging of the size of the materials in each portion to show this; it 
was obvious to the most casual observer. The really remarkable 
feature of the whole situation was that many furnacemen did not 
recognize the source of their trouble or in some cases did recognize it, 
but were not allowed to correct it, because to do so would reflect on 
a design which had been selected by their superior oflScer. 

At one plant using lump ore which I visited about ten years ago I 
was taken up to the top of the furnace by the stock-house foreman. 
Of the skip load which lay on the upper bell about two-thirds lay on the 
side next the skipway and consisted of all the finest portion of the 
load, while the one-third on the opposite side contained all the coarse! 
The stock-house foreman said he thought that gave a very good dis- 
tribution, and when I casually asked him where the "hot spot" was 
of which he had told me he pointed down directly in the Une of descent 
of the coarse material. 

Breakage of the coke. — One of the most important factors in 
the whole subject of furnace operation was overlooked in the early 
designs of mechanically filled furnaces. This was the question of 
breakage of the coke. In some plants this seemed to have been 
almost totally disregarded. Coke was dumped from hopper cars on 
high trestles into bins perhaps almost empty, involving a drop of 
15 to 35 feet, dropped again from the gate of the bins to the bottom 
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of the scale car or bucket, 6, 8 or 10 feet more, dropped from the scale 
car into the skip, a distance about the same as the last, from the skip 
into the receiving hopper some 7 or 8 feet, from the upper bell on to the 
main bell, about an equal distance again, finally from the main bell 
on to the stock line, some 8 or 10 feet, if the furnace were full, and 
almost any distance if it were empty. 

The detrimental action of fine coke in the furnace, and its much 
reduced fuel value, particularly for heat in the hearth, are well known, 
and need not be further stressed here though apparently they were 
overlooked by some of the furnace designers of fifteen years ago. 
Just how much the coke was broken up, how much the average size of 
the individual pieces was reduced, and what percentage of detrimental 
fines were made by this treatment in extreme cases, we shall never 
know now; perhaps it is just as well that we should not. But the 
general result was seen in the fuel consumption, and eventually in 
the cost sheet of many of these plants, while the furnace manager, 
who in most cases was not responsible for the design, spent many 
unhappy hours over these conditions, for which he had in many cases 
to take the blame. 

It will be noted that with the Duquesne system, presently to be 
described, the buckets were so designed as to come close up under the 
bins with only a short spout beneath the gates of the latter. This 
reduced the drop into the bucket to the minimum, and eliminated 
two dumpings of the coke as compared with those plants where it 
was transferred first to the scale car, and then to the skip before reach- 
ing the upper bell. 

It is altogether possible that this feature had an appreciable influ- 
ence in bringing about the early success of Duquesne as compared 
with many of the skip-filled furnaces built soon afterward. Now 
furnace managers and engineers understand this matter of coke break- 
age better, and it is recognized that no top should be permitted to give 
the coke an inch more drop than is absolutely necessary to accomplish 
the transfer of the stock. 

In more recent years the "shatter test" of coke has been invented 
and attention is paid to the strength of the coke, so that more is 
known as to the injury done it by any given drop, but with this ad- 
vance has gone the increasing realization that every unnecessary foot 
of drop was highly objectionable and could not fail to cause some pro- 
portionate share of increased coke breakage. 

As a consequence the enormously long throats which were used on 
some furnaces fifteen years ago have disappeared, and one of the major 
considerations of the present day in regard to any system of filling is 
its probable effect on the coke. Considering all these important points 
which were largely if not wholly ignored or neglected, the only wonder 
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is riot that furnaces did bad work in the early day of mechanical filling, 
but that they ran at all. 

Rotating tops. — If the location of a given irregularity be rotated 
through an angle increased by a definite amount at each charge, we 
shall obviously obtain the equivalent of spiral hand-filling and so by 
evening up over a number of charges the kind of material delivered 
to each portion of the furnace circumference, shall secure the equivalent 
of uniform filling in each charge. Furnace tops which operate on this 
principle are called rotating or revolving tops. 

There are in use three principal types of rotating tops — the Brown, 
the Baker and the McKee. All of these are patented, and the whole 
subject has been one of much complexity, not only technical, but to 
some extent legal. The merits and demerits of the different types of 
apparatus have been the subject of acute and heated discussion. Each 
of them has been thrown out of use at one or more plants, and it is 
therefore necessary to admit that there are objections to all of them. 
To state these objections as well as their advantages fearlessly and 
firmly is the only course open for a satisfactory treatment of this 
subject; this will be my aim however far short of this object I may 
come. 

The Brown top, — Although I have referred to the persistence of 
hand-filling as almost universal up to the time of the Duquesne revo- 
lution, it is a fact that the first reasonably satisfactory apparatus for 
mechanical charging had been introduced several years before. The 
skip which dumps by turning nearly upside down, as described in 
the second article of this series, has been known for a long time. I 
am told that it was used two hundred years ago in Sweden. An 
attempt was made to use skip filUng by Fayette Brown, the father of 
the late Alexander E. Brown. It is said that the furnace so filled 
worked irregularly in the way in which so many such furnaces have 
done, and the skip was therefore thrown out. In order to secure sym- 
metrical distribution with hand-filling it occurred to Fayette Brown to 
put a cover over the entire hopper with a single opening through it 
large enough to admit of dumping only one barrow, and at a certain 
definite location. This cover was revolved about the axis of the furnace 
by a mechanism driven from the hoist sheaves, so that this opening 
advanced one dumping space at each revolution. This, of course, 
forced the top fillers to dump correctly. 

Many years later it occurred to Alexander E. Brown to combine 
this controlled system of dumping with the skip hoist by having the 
skip deliver into a central hopper with an outlet spout on one side, 
and revolving this hopper and spout around the vertical axis of the fur- 
nace by a mechanism driven from the hoisting sheaves. This is the 
essential principal of the "Brown top," at least one of which was in 
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operation several years before the Duquesne revolution, and has, ] 
think, continued in operation from that time to this. 



Fig. 38. Brown RotAting Top. 

This top as now built is shown by the line drawings, Figs. 3S and 
39, and by the photographs, Figs. 40 and 41. At the bottom of the 
line drawing are shown the bell and hopper; above these, on the top 
of the furnace proper, is the conical gaa seal which acts as a support 
for the revolving distributor and the gears which drive it. Above the 
hopper is seen the skip in its dumped position, and at the top the 
main rope sheave, with the gears through which it drives the vertical 
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shaft descending to the gear box just outside the distributor cone, 
through which the latter is revolved. The detail of the sheave and 
the upper gears is shown in Fig. 39. 

The gas seal consists of a flap valve on the spout of the receiving 
hopper whose normal position is open, as shown in full lines in Fig. 38, 
but which is closed by the first portion of 
the movement of the main bell, acting 
through the bell crank shown in dotted 
lines. This gas seal is not so tight as a 
bell and is subject to the objection above 
described, that its normal position is open, 
so that if the main bell is leaking to a con- 
siderable extent the gas can rise through 
the spout and burn almost without inter- 
ruption around the upper portion of the 
top mechanism. 

There is a ratchet in the mechanism 
which drives the hopper when the sheave 
runs in one direction, but allows it to stand 
still when the sheave runs in the opposite 
direction, on the return trip; thus the hop- 
per is rotated a definite amount with each 
trip of the skip. 

At this point Mr. Brown introduced into 
the design an admirable feature. Instead Fig. 39. Rotating Gear for Distri- 
of having the distributor rotate through an 

angle commensurable with 360 deg., so that it would always return to 
the same position at the end of every complete revolution, he designed 
it to revolve two or three degrees more or less than a quarter of a revo- 
lution, so that at the end of four movements it is about ten degrees 
one side or the other of the point at which it started, and only after 
many revolutions, representing a great number of charges, does it 
return to its initial point. This has the great advantage of giving not 
only each segment, but each fraction of the circumference of the fur- 
nace exactly the same treatment, and this is greatly to be preferred 
to any system which must always use the same starting point, since 
in that case any irregularity due to the difference in shape of the first 
skip load dumped and the last, or the like, is localized in one place 
and may cause serious trouble, whereas if it went to each point of the 
circumference in turn it would do no harm. 

Any mechanism at the top of the blast furnace has to operate 
imder extremely difficult conditions. It is necessarily surrounded by 
the dust arising from the different components of the charge, which is 
sharp, gritty, and destructive to the last degree, and is exposed to 
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temperatures not infrequently above those at which lubrication is pos- 
sible, and if there be a leak of the main bell so that gas escapes at all 
freely, the apparatus is entirely likely to be subjected to direct flame. 
These conditions are so severe that they alone have caused the defeat 
of many tops, and in the early days they undoubtedly caused many 
mechanical difficulties in the operation of the Brown top. 



r 





Fig, 40. Brown Top removed from furnace. 



With the passage of time many of the features of the design which 
caused these difficulties have been overcome, and in the North where 
furnace tops commonly work at quite low temperatures, about 400 dcg. 
or below, these mechanical troubles have not been so severe, but in 
Southern practice, with greater coke consumption, and much hotter top 
conditions, the Brown top has in more than one instance been discarded 
for the purely mechanical reason that it could not be kept in successful 
operation, the situation frequently being complicated by the fact that 
mechanics of sufficient skill to operate a mechanism of this kind success- 
fully were, in past years, scarcer in the South than in the North. 
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In addition to these mechanical difficulties of operation the Brown 
top in spite of its appearance of perfect symmetry does not give an 
absolutely symmetrical distribution. 

An examination of Fig. 28 will show that the line of the distributor in 
the position drawn is practically a continuation of the line of the bottom 
of the skip, so that the material discharging from the latter has only 



Fig. 41, Brown top on furnace. 

to continue on its way straight through the distributor, and is thereby 
delivered from it with velocity practically unchecked. But when the 
discharge spout of the distributor is in the position opposite to that 
shown, its slope is almost at right angles to the Une of discharge from 
the skip, and material delivered upon it is therefore brought practically 
to a standstill, and starts again virtually from rest, so that its velocity 
of delivery from the distributor is very materially less from this posi- 
tion than from the position opposite. The result is that the material 
is thrown considerably further out in the hopper with the distributor 
in the position shown, than in its opposite position. 
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Moreover, when the spout of the distributor is at right angles to 
the position shown, another eflfect comes in. The spout is not a mathe- 
matical line, but is necessarily a broad opening to permit the escape 
of the stock under any and all conditions, and to pass pieces of scrap 
of considerable size. The material discharging into the hopper from 
the skip has a very considerable horizontal component to its velocity 
when it strikes the distributor, and instead of discharging down the 
axis of the spout, this horizontal velocity takes it over to the far side 
of the spout, whether the latter be turned toward or away from the 
observer. 

The effect of this is, of course, to put more material on the side 
of the bell opposite to the skip than on the side next to it. In other 
words, in spite of the central location of the axis of the distributor 
the horizontal velocity of the stock imparted by the skip persists to 
some extent and carries the center of gravity of the pile of stock, as 
it rests on the bell, considerably beyond the axis of the furnace. That 
is, the side of the furnace next the skip receives a considerably smaller 
portion of every charge than does the opposite side. Unsatisfactory 
furnace work has been traced directly to this cause in several cases. 

The Baker top. — This may be considered as a modification of the 
Brown top in that it distributes the material in heaps on the main 
bell. It is shown by Fig. 42. Endeavor has been made in the design 
of this top to overcome the mechanical difficulties due to the great 
weight of the rotating parts, the large radius of the sliding surfaces 
in the Brown and the somewhat complicated mechanism required to 
drive it, and also to reduce to a minimum the height from which the 
coke is dropped so as to reduce coke breakage. The main bell, 
hopper, and lip ring are clearly shown by the drawing, and are of stan- 
dard construction, but, as is necessary in most central types of stock 
distribution, the main bell is not supported on a single central rod; 
instead it is hung to the center of a horizontal equalizing beam from 
the two ends of which rods run up to the ends of the double main 
bell beam. A section of the equalizing beam, with its sharp-edged top 
to divide the current of stock, and prevent any disturbing action on 
the descent of the latter, is plainly shown on the drawing. The main 
bell rod on the far side is shown broken away below the top of the 
upper hopper, but a short piece is shown attached to the end of the 
main bell beam. 

In this design there is a gas-seal bell practically identical with the 
upper bell of the ordinary non-rotating double-bell charging apparatus, 
but in this case the bell has fastened to it a plate which is elliptical in 
outline and is set parallel to one side of the conical surface, and con- 
stitutes a sort of slanting piston working in the receiving hopper, 
which is nearly cylindrical, flaring slightly at the top, as shown in the 
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drawing. The upper bell is rigidly keyed to the lower end of its 
(central) bell rod. By means of this rod the bell with its extension 
plate Attached is rotated through a certain angle each time it is raised 



Fig. 42. Baker rotating top. 

and lowered. When the upper bell is open, and in the position shown, 
the plate acts practically as a continuation of the lip of the receiving 
hopper and dischai^es the entire skip load on the opposite side of the 
furnace. The upper bell is then closed and opened again, which 
brings the deflecting plate into a position in the horizontal plane 
approximately to right angles of that shown. This delivers the next 
skip load on to the bell practically at right angles to the first one, the 
third is approximately opposite to the first, and the fourth practically 
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completes the cycle, but if the *' hunting tooth" effect used by Brown 
is desired, the completion of the cycle does not bring the deflecting 
plate back exactly to its initial position. 

Instead of an arrangement of gears for rotation, recourse is had to 
what is known as the rifle-bar cylinder. This device has been in use 
for many years for rotating the bits of rock drills. The cylinder which 
operates the upper bell is immediately over it, and inverted so that it 
operates directly without the intervention of levers or other devices, 
which makes an extremely simple design. 

The operation of the rifle-bar cylinder is shown by Fig. 43. The 
piston carries two helical vanes A which work in corresponding grooves 
or threads in the nut B which has ratchet teeth cut in its upper surface. 
These are engaged by vertical gravity pawls D in pockets spaced 
around the cylinder. They prevent the rotation in one direction of 
the nut B. A square opening at the top of the chamber on which the 
helical vanes are cast is an easy sliding flt on the square rod E, which 
carries on its top a circular plate F, to which it is rigidly keyed, and 
which has on its top surface ratchet teeth engaging with pawls G 
exactly the same as those of B and operating in the same direction. 

On the down stroke of the piston, the action of the vanes forces 
either F to turn to the right or B to the left, but the ratchets G do 
not allow F to turn to right while the ratchets D do allow B to turn 
to the left, which it accordingly does. On the up stroke the pawls 
engage with the ratchet teeth C and prevent the backward rotation 
of B which thus compels the rotation of the disk F in its turn. 

Thus every cycle (up and down stroke) of the movement of the piston 
forces the bell and deflecting plate to rotate through a given angle. 
The amount of the rotation is determined by the pitch of the helical 
vanes, and the stroke of the cylinder. The latter is intended to be 
constant and therefore the angle of rotation of the upper bell with 
its deflecting plate is also constant. 

The upper portion of this cylinder has no function except to enclose 
the apparatus and prevent the entrance of the grit and dirt which 
always abound on top of furnaces, and which have done so much to 
destroy charging mechanisms. The cylinder is virtually a single- 
acting one, since the weight of all the parts acts downward and suffices 
for the down stroke, steam being used only for the up stroke and to 
cushion the down stroke. 

This type of top has given good satisfaction at a number of plants, 
but its use has been abandoned at a number of others, since it was 
claimed that the benefit obtained from its form of distribution was not 
sufficient to offse^ the possibility of the small bell being stuck with 
its deflecting plate in one position, and dumping the stock to one 
point on the main bell continuously for a number of charges, or even 
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Pig. 43. llototing gear of Baker top. 
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hours,' if this condition was not discovered. For it is evident that if 
the small bell fails to operate between skip loads the position of the 
deflecting plate will be left unchanged, while there is nothing to prevent 
the indefinite continuance of dumping in this position. This, of course, 
would make the worst possible type of stock distribution, and would 
ruin the work of any furnace in a very few hours. 

There is with this design the possibility of jamming the deflecting 
plate against the wall of its slightly tapering receiving hopper by the 
entrance of lump material back of the plate, and while the probabiUty 
seems slight, this chance, in addition to the discarding of the top by 
at least one large plant, has proven sufiicient to reduce its popularity. 
It is probable for reasons which will appear later that the top has been 
successful at plants using lump ore, or a mixture of lump and fine, 
and less successful at plants using all fine ore. This is in accordance 
with the facts in regard to the use of these tops. Those within my 
knowledge at plants where the ore mixture is lumpy have given far 
greater satisfaction than those in the Lake Ore district. 

The McKee top — It has been very widely believed by many 
fumacemen, and is even yet, that one of the essential characteristics 
of a revolving top is that if the revolving apparatus ceases to work it 
should still continue to give a reasonably good stock distribution. 
This means that dumping in heaps is barred because, as explained in 
regard to the Brown and Baker tops, if they cease to rotate they give 
the worst conceivable distribution. This then implies that the stock 
must be dumped in annular layers as nearly uniform as possible, and 
that only irregularities in the layers due to the irregular discharge by 
the skips into the receiving hopper should be eliminated by revolving 
the latter. 

This idea seemed to have occurred almost simultaneously to various 
engineers, but the credit for having first applied it successfully undoubt- 
edly belongs to Arthur G. McKee of Cleveland. 

The earliest form of this top consisted simply of a conical receiv- 
ing hopper into which the skips dumped, terminating in a hopper of 
steeper slope below whose bottom was closed by an ordinary gas-seal 
bell operated through a hollow bell rod which encircled the main bell 
rod. The hopper was mounted on ball bearings set well back from the 
line of the hopper, and carefully designed to keep the dust out from 
above, and give it ample opportunity to fall out below, holes being 
drilled at intervals in the bottom of the ball race to facilitate the latter 
purpose. 

The gas-seal bell, of course, has to rotate with the hopper and 
therefore the hollow bell rod is provided with a small ball bearing 
near its upper end to permit its lower part to rotate with the small 
bell without interfering with the operating mechanism above. 
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Probably one of the most important features of the design in opera- 
tion is the extension of the ball track to a path well outside of the 
closest point on the hopper, which is carried by radial amiB extending 
in from the upper ball race. This makes an air space between the 
ball race and the hopper so that unless the latter be heated to a red 
heat or above, the ball race still remains relatively unaffected and 
able to perform its functions. 
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Fig. 44. Kennedy top. 

This apparatus is not driven by the rotation of the sheaves through 
ratchet wheel and gears as in the Brown, but is provided with an inde- 
pendent electric motor operating through reduction gears, and controlled 
from the operating platform at the bottom of the furnace. 

The general appearance of this early form of this top is shown by 
Fig. 44, which, however, is not a McKee top, but a top designed by 
Julian Kennedy of Pittsburg, on exactly the same principle as the Mc- 
Kee, but rotated by a wire rope passing around the hopper and down 
to the ground level, where it is moved by hydraulic cylinders or other 
suitable mechanism to give the desired rotation to the hopper. In 
principle the design is in all respects similar to the McKee. 

In the McKee top contacts are attached to the hopper at four 
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points and by means of wires carried down to the operator's platform 
these light indicator lamps when they come into certain positions. 

In operating this first design a skip was dumped into the hopper, 
which was then rotated through ninety degrees. The second skip was 
then dumped and the hopper again rotated, and so on to the fourth skip 
load which completed the cycle, the upper bell was then opened, permit- 
ting the charge to descend ontp the main bell from which it was dumped 
after the upper bell was closed. The process was then repeated. 

Almost innumerable modifications of this system were designed to 
eliminate certain irregularities which briefly are the same as those I 
have pointed out in connection with the dumping of barrows into the 
hopper in hand-filling. The location of the first skip load in the hopper 
and the room it occupies is very different from that of the second and 
third, and still more different from that of the fourth, which is like- 
wise different from that of the second and third. Moreover, with the 
double skip there was a serious irregularity which does not appear 
from the examination of a side elevation of one of these tops. From 
this it might appear that both skips dumped in the central plane be- 
tween them, but as a matter of fact one dumps well on one side, and 
the other as far on the other side of this central plane, so that two 
successive loads are a considerable distance apart in the hopper irre- 
spective of its rotation. It will be obvious on a Uttle consideration 
that when this distance is combined with that arising from the con- 
stant angle of rotation, two adjacent skip loads may be the sum of these 
two distances apart, and the next two only their difference, with con- 
sequent great variation in the shape and location of the resulting heaps. 

Many furnaces equipped with tops of this type, while they appar- 
ently had a good stock distribution, gave extremely poor results, and 
as furnaces working under ver>' different conditions gave similar results 
along certain lines, which were not nearly so noticeable with any other 
type of top, it seemed reasonable to assume that the trouble was due 
to this type of distribution. 

The furnaces filled in this way scoured out their linings in a zone 
twenty or thirty feet above the tuyeres, not on one side as so frequently 
happened with non-rotating skip-filled furnaces, but quit€ regularly 
all around. The blast pressures were high, furnace control unsatis- 
factory, and fuel consumption apt to be excessive. 

The real reason for these results has, so far as I know, never been 
worked out, but my experience in one case proved that they did exist 
and that they were directly chargeable to the type of distribution 
system. The proof of these facts was so convincing and the result 
obtained by eliminating these conditions so remarkable that they must 
necessarily carry conviction to the mind of any unprejudiced furnace- 
man. I shall revert to this phase of the subject later. 
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It was in order to overcome these difficulties, whatever their reason 
may be, that Mr. McKee has in recent years redesigned his top so as 
to eUmiaate some of the worst irregularities. The new design is shown 
diagrammatically by Fig. 45. 

The original rotating conical receiving hopper is entirely eUminated 
and is replaced by a stationary receiving hopper triangular in front 
elevation through which each skip load in turn passes into the cylin- 



Fig, 45. ReccDt design ot McKee U>|i. 

drical rotating hopper below. This has the great advantage of prac- 
tically centering the charge to begin with, and thereby eliminates 
some of the worst irregularities of the original design. 

The revolving hopper is now being rotated preferably to six points 
instead of four, and so equalizes any irregularity which may occur in 
the discharge of the skip load into the hopper, by throwing it to each 
one of the six successive radial positions in turn. 

The design of ball races carried well away from the hopper proper, 
the provisions for preventing the entrance of duat and for allowing it 
free exit are maintained substantially as they were in the earlier design. 
It is no more than fair to say in this connection that mechanically this 
top in my experience gave a minimum of trouble, and I think that this 
experience has been quite general. I have not operated any furnaces 
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with the improved design, but my information is that many of the 
troubles which prevailed with the older design have been diminished 
with this, and that the results are very much better, as is to be ex- 
pected from the removal of the irregularities due to the varjdng 
distribution of the skip loads around the conical hopper. 

The bucket system of distribution. — When the Duquesne furnaces 
were designed, as I have previously explained, practically all the tra- 
ditions of blast-furnace design were discarded and the engineers struck 
out on lines boldly new in almost every direction. This was true in 
regard to the filhng system which was invented for that plant by M. 
A. Neeland, then chief engineer of those works. 

When the plans for the plant were started there were only two 
mechanically filled furnaces running, one with the Brown top at 
Sharon, previously mentioned, and one at the Lucy furnaces with the 
upper hopper closed by an "orange peel" which their superintendent 
recommended be not adopted. 

A set of drawings for a skip-filling system had been made, but 
when Mr. Rotoff (since deceased) came to the plant to be superintend- 
ent of the furnaces which it was proposed to build, he rejected this 
design absolutely as he had had experience with the very unsuccessful 
skip-filled furnace at the Lucy plant where the segregation of the lumps 
and fine had manifested itself very clearly and had demonstrated how 
completely it could prevent the satisfactory working of the furnace. 

The top now to be described was designed by Mr. Neeland to 
overcome this difficulty, and it has been very successful in doing so. 
To accomplish this result he decided to use a type of bucket for hoist- 
ing the material which could be accurately centered on the furnace 
top before dumping, and then be dumped uniformly in all directions. 

The huge bucket used has its bottom closed by a bell the central 
rod of which suspends the whole from the truck which nms on the 
inclined hoist. The general arrangement is shown by Fig. 46. 

The scale cars on which the buckets are set run along under the 
double row of bins from which the buckets are charged with the re- 
quired material. Each bucket in turn is then brought into the central 
plane of the skip where it is picked up by the hook on the inclined 
truck (Figs. 47 and 48) and carried to the top of the furnace. There 
the front end of the truck, with the bucket hanging to it, enters a 
vertical slide in the center line of the furnace top and is lowered ver- 
tically to a seat over the top of the gas seal. The further downward 
movement of the slide lets the bell bottom of the bucket pass down 
inside the gas seal, carrying the counterweighted gas-seal bell with it. 
The bucket then discharges and the return movement of the slide raises 
the bell bottom of the bucket back to place, allows the gas seal to 
be seated by its counterweight, and finally picks up the bucket itself 
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Fig. 46. Genera) airangement of Neelond top. 

OD its own bell, and the return trip of the truck takes it back to 
the bottom where it is unhooked and another loaded bucket picked 
up. The arrangement is well shown by Figs, 49 and 50 which show 
the bucket resting on its seat in the furnace top and its bell on top of 
the gas-seal bell. 

It will be seen that there is no horizontal velocity whatever to the 
stock, and that if it is reasonably level in the bucket an equal amount 
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is discharged on each sector of the bell. It is, in fact, as if the hopper 
of the double bell top were filled under the bins, brought up to the top 
of the furnace and dumped, instead of being filled by the intervention of 
the skips. It is worthy of note that the bins are arranged in parallel 
rows on each side of the scale-car tracks so that the buckets are filled 
alternately from opposite sides, thus balancing up the irregularity 
which would have arisen from the great segregation on one side of the 
bucket had it been filled always from one side. At the same time 




Fig. 47, 48. Bucket cnrriage of the Neelnnd top. 



it is no more than fair to add that Mr. Neeland had this matter of 
segr^ation very much in mind, and he designed the bins with the 
shortest possible chutes to give a low delivery velocity and so arranged 
that the stream of material strikes as closely as possible on the apex 
of the bell bottom of the buckets. 

In more recent years this system of filling has been improved by 
the addition of a motor on the scale truck which rotates the buckets 
either through a certain definite angle after they have been filled, 
increasing by a fixed amount for each bucketful, as for instance 90, 
180 and 270 deg., or else the buckets are rotated continuously, while 
charging, so that the charge may be distributed in uniform rings, thus 
securing an equable distribution of lumps and fines in every portion. 

Ford-Parkes lop. — Various modifications of this type of filling 
system have been made. A general drawing of the Ford-Parkes design 
was shown in the previous chapter. The details of the top and bottom 
are shown by Figs. 51, 52, 53 and 54. The buckets in this design are 
not dehvered on to a scale car, but on to a turntable carrying four 
bucket seats. This table is rotated 90 deg. at a time, and this rotation 
takes the empty bucket away and brings a freshly filled one to take 
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its place. When the bucket is at 180 deg. from the position under 
the skipway, it is filled from the scale car which in this case is the 
regular hopper type of scale car. The general arrangement of the 
turntable and the motor for turning it are also clearly shown, also 
the scale car in position in Fig. 52. 



Pii;. 49. Details of Neeland top, front elevation. 

The general design of the bucket-carrying truck is shown at the 
foot of the inchne, the large quadrant at the front or upper end of the 
truck, from which the pickup hook hangs, is clearly shown. This 
quadrant is rigidly attached to the rear wheel of the truck and pivoted 
on its own center in the center of the equalizer between the two front 
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pairs of wheels. It is evident that if the rear wheel of the truck be 
swung up around the pivot as a center, that the hook carried by the 
chain unwinding from the quadrant must move vertically downward. 
Referring now to Fig. 30, showing the top of the incline, there will 
be seen the convex curve on which the two front pairs of wheels of 
the truck run, and above a guiding slot with a sharp reverse curve 



Fig. 50. Details of Neeland top, side elevation. 

which acts as a guide for the rear pair of wheels. The upper portion 
of this guide is a circle struck from the center of the truck in its top 
position, and this circle permits the rear wheels of the truck to rise 
while holding the pivot of the quadrant rigidly in its place, and gives 
the required vertical movement to the bucket as a whole. This seats 
the bucket on top of the gas seal exactly as is done with the Du- 
quesne top, but without the assistance of the vertical shde, and there- 
fore somewhat more simply. The return of the rear wheels to their 
normal position is secured by a heavy counterweight which the rear 
wheels pick up just before they enter the guide, and which pulls them 
back down on to the incline as soon as the hoisting rope is slacked. 
The head-sheave is clearly shown just above the curved guide. 

Other modifications of this type of top have been built, but the prin- 
ciple in any of them is no difTerent from those illustrated. 
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At one of the most successful plants in the country the bucket is 
never unhooked from the carriage but rigidly attached to it just as 
the skip is attached to the hoisting rope, but provision is made for 
rotating the bucket on its vertical axis to each of three equally spaced 
directions in turn, this eliminates irregularities in charging it. 




Fi^. 51-53, Bottom of hoist, Ford-Parkes syatem. 



It will be seen that this type of Ming gives precisely the same type 
of distribution as the double-bell type of top, and with almost the same 
limitations. That is to say, irregularities due to the way in which the 
charge is delivered into the top may and generally do occur with either 
type of filling, and may be more or less completely compensated by the 
correct rotation of the receiving part to equally spaced dumping points 
in regular order. 

At the same time it must be recognized that the advantage is with 
the bucket system if the top be not rotated because of the smaller 
number and lower velocity of transfers of the stock with corresponding 
reduction of the opportunity for segregation. 

Guiding the bell movement. — One point of extreme practical 
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■ importance in all types of furnace tops is the path of the main bell in 
its descent. It is obvious that if it be attached directly to the end 
of the bell lever, the latter, swinging as it does in the arc of a vertical 
circle, will carry the bell in a similar path and in the plane of its 
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Fig. 54. Top of Ford-Farkea system. 

motion it will be either one side or the other of the center of the 
furnace, practically all the time. The projecting end of the bell lever 
is quite long, and it looks as though the curvature of the path de- 
scribed by it could be ignored, but this is by no means the case. The 
versed sine of the arc described always amounts to a couple of inches 
and may easily exceed this, which is enough to insure there being a 
considerably greater portion of the charge on one side of the furnace 



FILLING THE BLAST-FURNACE 87 

than on the other, and much bad furnace work has been attributable 
to this irregularity. The path of the bell rod must always be a straight 
line exactly in the center of the furnace. This straight hne can be 
produced either by a rigid guide for the bell rod, connecting the latter 
to the lever with a short link; a quadrant from which a flexible sus- 
pension member unwraps always in a vertical line as the lever rises 
and falls, or a mechanical parallel motion similar to that of Watt's 
steam engine. A good illustration of the quadrant system is shown in 
Fig. 34, in which the bell is suspended from the triangles which are 
hung from chains working in grooves in the castings on the ends of 
the bell lever, these castings being segments of circles concentric with 
the center of the lever. 

The parallel motion design is well shown by Fig. 36. The bell rod 
is not connected directly to the end of the main bell lever but to a short 
link which projects above it, the upper end of which is guided by a 
connecting link pivoted to a projection on the fulcrum of the main 
bell lever. The proportions are such that the bottom point of the sus- 
pension link where it is attached to the bell rod moves in an abso- 
lutely straight line. In Fig. 36 the small bell is guided by the main 
bell rod and therefore is not provided with any parallel motion, only 
with a suspension Unk to connect the curved movement of the bell 
lever with the straight-line movement of the bell rod. But in many 
cases the lever of the small bell is provided with its own parallel motion 
also. The rigid guide is used on the Baker top, the (two) bell rods 
passing through guide castings riveted to the gas seal and others on 
the superstructure at the upper end of the rods. The bell lever is con- 
nected to the rods by a short link as shown (not very clearly) by the 
drawing. 

Bell-operating apparatus. — In the early days of the closed-top 
furnace the bell was probably always controlled by a hand-operated 
"crab," consisting of a crank and connecting rod driven by gearing. 
A large gear having a crank pin in its face was set immediately under 
the outer end of the bell beam and a connecting rod ran from a pin in 
the bell beam to the crank pin in the gear. When the pin was in its 
lower position the bell was shut, and the travel of the pin was such 
that when it was in the opposite position the bell was opened wide. 
A few of these crabs have remained in operation down to quite redent 
years, but they were superseded in general practice many years ago by 
a steam cylinder as shown in several of the preceding figures. 

There are two methods of using the cylinder. One is to counter- 
weight the bell so that it will stay shut even with the full charge upon 
it, and have the cylinder lift the counterweight to open it. This has 
the great advantage that if the steam connections are broken or any 
other mishap takes place, the bell remains closed and prevents the 
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entrance of air into the top of the furnace, which is necessary in order 
to prevent gas explosions. 

In the other method of operating, the counterweight is dispensed 
with and the direct downward pull of the cylinder keeps the bell closed. 
This is somewhat simpler than the other method or at least permits 
doing away with the counterweight; moreover, by operating in this 
way the cyUnder can be placed at or near the bottom of the furnace 
and connected with the bell by means of a wire rope, but obviously this 
cannot be done when the bell is kept shut by a counterweight. How- 
ever, a counterweight can be applied at the bottom of the rope and 
immediately over the top of the cylinder if desired. 

In some cases a compromise method is used and the bell is counter- 
weighted about to the extent which will keep it shut when empty but 
not with the charge upon it. This requires less lift from the cylinder 
to open than the full counterweight method, and also requires less 
pull from the cylinder to close than the non-counterweight method. 
Of course the cyUnder is made double acting in this case, which it need 
not necessarily be in the other cases, although it usually is. By this 
compromise method, and by equahzing the work on the up and down 
strokes of the cylinder, the latter can be made considerably smaller 
than when it is virtually or actually single acting. 

The cyUnder is an extremely simple method of operating the bell, 
but is not a particularly satisfactory one. It is obvious that the bell 
must be held to its seat against the hopper with sufhcient pressure to 
make a gas-tight joint even when loaded with the charge, which probably 
averages between fifteen and thirty thousand pounds. The amount 
of actual work involved in opening and closing the bell is very small, 
but when a cylinder is used for this service, it must be large enough 
to hold the bell shut or to push it open under the worst conditions 
which can arise, and the cyhnder must, therefore, be much too large 
for the work it actually has to do most of the time. This is apt to 
result in violent movement of the bell, unless the cylinder is steadied 
by a large dash-pot, and in totally unnecessary stresses on the bell 
beam and its connections. For this reason it is desirable to use some 
mechanism which has sufficient power to hold the bell tight shut in 
its closed position without the expenditure of unnecessary energy in 
moving it. Any mechanism which maintains control over the bell dur- 
ing dumping and closing, so as to prevent excessive velocity is sufficient. 

It is very desirable to have a relatively slow movement of the bell 
at opening and closing so as to prevent slamming and violent inertia 
shocks on the whole mechanism. For this purpose the bell cylinders 
are piped as shown in Fig. 43. Inlet takes place through the pipe 
next the end of the cylinder, but discharge can only take place freely 
through the one further in from the end, since the outer one contains 
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a check which prevents return flow at any but a very slow rate, so 
that when the piston overruns the outer port it is cushioned by the 
steam trapped between itself and the head of the cylinder, and its 
velocity is thus checked at a rate slow enough to do no harm. 

The cyUnders generally require to be operated by steam, as com- 
pressed air for such purposes is expensive and is likely to be frozen 
up in winter. When the bell cylinder is placed at the top of the fur- 
nace great care must be used to prevent the pipes leading to it from 
being frozen, since there is no flow except when the bell is operated, 
and in severe weather during a relatively short suspension of filling 
an interval sufficient to permit freezing may occur between piston 
movements. 

It will be seen that the crank and connecting rod has an absolutely 
smooth acceleration and retardation and that in the closed position it 
acts Uke an inverted toggle and holds the bell tight shut without ex- 
pending any energy on it, so that it furnishes the ideal movement 
for this purpose. To make use of this ideal motion and to dispense 
with the necessity of steam or compressed air for operating bell cyhn- 
ders an apparatus has been brought out in recent years which returns 
to the crank and connecting rod principle; but instead of being hand- 
operated, as the earlier ones were, it is driven by an electrical motor 
controlled by automatic switches. The design brought out by the Otis 
Elevator Company is shown in Fig. 55. Fig. 56 on a smaller scale 
shows more plainly the arrangement of the crank in relation to the 
gear. The motor drives worm gears enclosed in the housing shown, 
and these in turn drive an internal pinion which meshes with the teeth 
of the annular gear. Automatic switches practically identical with 
those illustrated in connection with the furnace hoists control the 
movement of the apparatus. When the starting switch is closed^ the 
motor starts and runs until it has driven the main gear and the crank 
through a complete revolution, when it is automatically slowed down 
and stopped. This obviously opens the bell and closes it again. The 
only objection to this apparatus is its very considerable cost, and the 
necessity of having such an amount of machinery at the top of the 
furnace. 

It may be said that while the cyhnder has its disadvantages for 
operating bells, with certain modifications it could be made to do very 
much better than the direct-acting cylinder, and in many ways almost 
equal to the expensive electrically operated apparatus without costing 
nearly so much. 

The operation of gas-seal bells is practically the same as that of 
large ones, although it requires very much smaller apparatus, since 
the loads to be carried are much smaller and the small bell itself also 
weighs many hundred pounds less than the large one. In some cases 
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now the upper bell is operated by an electrical bell hoiet similar to 
. but smaller than the one illustrated, for of course it ia desirable to 
have both operated by the same type of mechanism, to have either 
both steam or both electric. 

The upper or gas-seal bells have generally been operated by cylin- 
ders working through levers the same as those used on the main bell, 
but several years ago Julian Kennedy of Pittsburg brought out a 



design in which the cyhnder for the small bell was placed immediately 
over it in the center of the furnace in an inverted position, its piston 
rod becoming the rod of the small bell. This, of course, dispenses 
entirely with the lever for transmitting the motion, etc., but is open 
to the objection that steam must be on the cylinder practically all the 
time in order to keep the bell shut, or else a counterweight and lever 
must be used. 

This design is followed with the rifle-bar cylinder of the Baker top 
as already noted, but in that case the normal position of the small 
bell is open, so the cylinder is only under steam when the bell is being 
raised to close and rotate it. 
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Provisions for access and repairs — Means for hoisting main 
bell. — In the daya when furnaces were hand-filled and practically the 
only mechanism on the top was the single bell with its lever and bell 
cylinder, considerations of accessibility played no part, there being 
but little apparatus and 
that all in plain sight. 
When a bell had to be 
taken down from the top 
of the furnace or sent up it 
was hoisted out with some 
simple but powerful hoist; 
set on rails and skidded 
over to the platform of the 
hoist, commonly known as 
the cage, on which it was 
lowered to the bottom and 

a new one to replace it was Fig. 56. Bell hoiat — crank end view, 

brought up in the same way. 

With the mechanical top all that is changed. There is in all cases 
a considerable quantity of machinery and in many designs a vast 
amount. This is erected when the furnace is built and is never ex- 
pected to be removed until the furnace itself is torn down. The main 
bell is not only at the bottom of a hopper in many cases deeper than 
the height of a man, but is covered over by an air-tight gas seal 
so that access to it is most difficult even for inspection, while before 
any repairs can be made a considerable portion of the top must be 
dismantled. 

This is a point which has been too little considered in the design 
of furnace tops. Some engineer in a cool and pleasant drafting room 
designs some form of apparatus which pleases his fajicy, and which 
may then be built easily enough because its construction is funda- 
mentally no different from that of any other mechanical apparatus. 
But when the repairs become necessary they are turned over to the 
operating man, and must be made under circumstances which may be 
conservatively described as follows: 

The temperature of every part that needs to be handled is high 
enough to burn the hand, in many cases so hot that the radiation 
makes it disagreeable to approach. Every crack and cranny is filtered 
full of dust that at the best is packed tight, and if it has been rained 
on is cemented almost as hard as iron. The air is not only heated 
almost to the point of suffocation in many cases, but in practically 
every case is mixed with furnace gas containing 25 per cent, carbon- 
monoxide, of which 1 per cent, in the atmosphere is quickly fatal, and 
a small fraction of a per cent, causes violent sickness. The nut of every 
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bolt is either burned or rusted fast, or so jammed with dust that it 
will move but one "flat'' at a time, and often will not start at all 
except with a sledge hammer and chisel. The room available on the 
top platform is generally just sufficient to permit bare access around 
the top of the furnace when everjrthing is in place. The little space 
in which one might move with safety or speed is seized for the storage 
of parts as soon as the top is dismantled for access to the bell and 
hopper. 

Under these circumstances it would seem as though some consider- 
ation might be given to accessibility and to designing some of the 
parts, notably the gas seal, so that they would go to place and func- 
tion properly without the necessity of coming to an exact position. 
It is almost impossible to bring these parts to exact positions after 
they have been subjected to the heat which is unavoidable and the 
flame which often occurs at the top of the furnace, but these points 
appear to have been given very little consideration by designers. 

In quite a number of types the gas-seal hood which rests on the 
lip of the main hopper supports the distributor; this means that in 
order to change bells the whole distributor must be taken off and the 
gas seal completely dismantled before the real work of removing the 
bell can be started. 

It will perhaps illustrate the operating man's point of view to 
explain the former method of holding the lip ring down to its seat in 
the hopper. This was almost universally done with square bars rest- 
ing against the lip ring at the bottom and passing through a socket 
near the top of the hopper, a key in a key-way through the bar just 
below the socket was driven by a sledge so as to force the bar down 
against the upper edge of the lip ring, thus holding it to place. It is 
obvious that when the lip ring became loosened by the constant jar 
of the bell in closing, these keys could only be tightened by putting a 
man into the gas seal through a manhole such, for instance, as that 
shown in Fig. 36, and having him drive up the keys. 

It will be seen that he had to stand in a V-shaped space without a 
particle of footing. The temperature under the seal in many furnaces 
is seldom much less than two himdred degrees, even if means have* 
been taken to cool it off, while there is almost certain to be a certain 
amount of gas leakage through the main bell and no chance of obtain- 
ing adequate ventilation through the small manholes in the gas seal. 
I have known of at least one case where a man was killed by gas on 
going in under the gas seal to do some such work. The gas was not in 
sufficient quantity to be visible, and several men were rendered uncon- 
scious by it before the danger was realized, but by quick work on the 
part of the master mechanic, all were taken out alive except the one. 

In course of time the operating men determined that the holding 
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bars for the lip ring must be tightened from outside the gas seal, and 
changed the construction to permit this, a practice which is now ahnost 
universally followed. The general principle of the method by which 
it is done is shown on the left-hand side of the hopper in Fig. 42. 

Handling the bells for repairs. — Of course, neither the hoisting 
apparatus for the skip nor that for the bucket system of fiUing affords 
any possibility of handling the bells, and therefore some other pro- 
vision must always be made for letting down old bells and bringing 
up new ones. This is very generally in the form of a runway extend- 
ing well out over the side of the furnace, as shown ui Fig. 36. In this 
case the runway is the same as that which carries the adjustable 
receiving hopper. When a bell is to be handled the hopper is removed 
and the trolley shown at the extreme left-hand end of the runway is 
brought into action. This trolley runs far enough for the bell when 
hanging from it in its outmost position to clear the furnace entirely 
and to be brought up vertically; then when it is above the hand-rail 
the trolley is traversed over to the center of the furnace and the bell 
lowered into place. Sometimes a jib crane is used for this purpose, 
but in some cases within my experience these have been forced out of 
plumb by distortion of the furnace top and have been extremely hard 
to swing around, especially when under load. For this reason the 
runway with the traveler is much to be preferred. 

Ordinary hoisting arrangements cannot be used on the trolley on 
account of the great height of lift involved, and it is well to provide 
not only a trolley with its sheave, but to have some means of doing the 
hoisting quickly and safely. 

Bells are certain to give out at intervals, probably their life does 
not average much over a year, and to have a good top design and 
good arrangements for hoisting and a top accessible without too much 
dismantling means the difference between a shut down of twelve and 
one of forty-eight hours. 

The stock line recorder. — One of the most important points in 
connection with the filUng of the blast-furnace is to maintain the stock 
line at the proper height. With hand-filling this was frequently very 
difficult to do. The physical limitations of the apparatus, to say noth- 
ing of those of the men, were such that if the furnace once "got down," 
that is if the stock line settled to a lower level than it should by the 
melting of the stock column below, it was very difficult to catch up, as 
I have already explained. If the stock line settles to the level which 
the stock should reach after it has been in the furnace for say two 
hours, then obviously the stock charged while that condition prevails is 
deprived of two hours of the time of treatment it should receive. This 
is frequently more than enough to derange seriously the working of the 
furnace. 
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For this reason it is of great importance that the furnace shall not 
only receive in one twelve hours the complement of stock which it 
requires, but that this should be received at a uniform rate, and the 
stock Une kept constantly within a very few feet of its proper position. 
When the furnace is filled with skips their capacity for handling mate- 
rials is so vast that there is not often any physical obstacle to prevent 
the furnace from being kept full, but the very speed with which it 
may be charged may be a disadvantage, since the men on the night 
shift may take a ** spell*' of an hour or two, knowing that by hard 
work they can catch up by daylight, although the furnace may be 
"down" many feet and its working deranged thereby, when they begin 
to make up for the time lost. 

Gauging rods working through the top of the furnace, generally 
through the hopper or a point just back of its upper edge, have been 
provided ever since the introduction of the closed top, and in recent 
years, since the introduction of skip-filling, arrangements have been 
made whereby the test rod is suspended from a rope which winds on 
a drum at the bottom of the furnace, and by operating this drum the 
furnace can be gauged without the necessity of going on top. 

There is also another need to gauge the stock Une. This results from 
the fact that while the stock Une ordinarily settles quite regularly, so 
many inches per minute, at times the furnace sUps and the stock line 
drops from two or three feet up to fifteen or twenty in moderate sUps, 
and of course much greater depths in violent explosions. Even though 
the furnace be working normally below, it is highly desirable to have a 
record of the way the stock line is settUng, so that any tendency to lag 
or work irregularly can be detected and cured without delay. 

For the accompUshment of this purpose I designed several years 
ago an apparatus called a "Stock Line Recorder," of which the prin- 
ciple is very simple. (See Transact. Amer. Inst, Min. En^., Vol. 
XXXVI.) The test rod instead of being raised up out of action except 
when the furnace is to be gauged, rests normally on the stock and settles 
with it. When the beU opens to admit the charge the test rod is 
drawn up out of the way, and when the beU closes it settles back on 
the stock in its new position, and foUows it down until Ufted for the 
next charge, and so on. 

The mechanism by which this is accompUshed is extremely simple, 
the actuating portion of it is shown by Figs. 57, 58, 59. The test 
rod, which is made quite heavy, hangs in the furnace in the ordinary 
way. A Ught, flexible wire rope is passed over a sheave on top of the 
furnace, and from thence to any convenient point, preferably near the 
skip operator's platform, where the actuating mechanism is placed. 

The rope is woimd on the narrow flanged drum, shown at the top 
in the plan view. This drum is keyed to a shaft, on the other end 
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of which is keyed a small pitiioD meshing with a rack fastened to the 
piston rod of the cylinder shown below. The piston rod works through 
a metal gland with a fairly free fit so as to avoid friction. The piston 
is made quite heavy or else weight is added to it in some way so 
ttiat this weight acting through the pinion and drum tends to take up 
the slack from the test-rod rope, but on account of the much greater 
radius of action of the rope, and the considerable weight of the test 
rod, the weight of the piston alone cannot lift it. The top of the cyl- 



Figs. 57-58. Operating mechaniam for Btock-line reconler. 

inder is connected to the main bell cylinder, generally without any 
valves or connections of any kind, so that when steam is turned on 
the main bell cylinder to open the bell, it is simultaneously turned 
into the top of the recorder cylinder, and forces the piston down, rais- 
ing the test rod to its highest or "safe" position. 

When the steam is exhausted from the bell cylinder to close the 
bell, it is simultaneously exhausted from the recorder cylinder, and the 
weight of the test rod with its greater leverage then lifts the piston in 
the cylinder until the test rod rests upon the stock, when it comes to 
rest, and only moves thereafter as the test rod settles in following the 
stock down. The movement of the mechanism is reduced by the lever 
shown in the back view (Fig. 58) and transmitted to the mechanical 
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¥i%. 59. Operating mechankm for stock-line recorder. 



FILLING THE BLAST-FURNACE 97 

recorder, either of the dial or the strip type, and makes thereon a, 
saw-toothed record aa shown in Fig. 60. 

The amount of information obtainable as to the way the furnace 
is settling, whether steadily or by slips, is quite remarkable. One 
accustomed to the type of chart produced by a given furnace can tell 
by a glance at it whether the furnace is working normally or not, while 
the check on the fillers, on the human side, is an absolute one since 
it must work if the furnace is filled, and in a number of years' experi- 
ence no method was ever found by which the machine could successfully 
be "beaten." 



Fig. 60. Chart of stock-line recorder. 

The subject of distribution is so vast, the number of variables and 
their reactions upon one another being practically infinite, and our 
knowledge of what the furnace really requires is so exceedingly limited, 
that the httle we know on the subject haa only been developed by an 
utterly disproportionat« amount of trial and experimentation, both 
with models and with furnaces, and by the slow process of elimination 
of the most unfit. It is probable that a book could be written upon 
the subject if one were willing to go back and compile the results of 
the experience of fumacemen of the older generations. 

But the question whether we will or will not use mechanical fill- 
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ing for furnaces has been settled for us, as have so many other ques- 
tions, not upon the technical ground of whether its distribution is 
better than that of the hand-filled furnace, or the technical results 
better or worse than that of its predecessor, but by the stern law of 
necessity. The waning supply of men available for continuous heavy 
work, and the increasing wages which they command, combined with 
the absolute necessity of continuous operation irrespective of all other 
considerations, have forced us to adopt mechanical filUng. There is no 
reason to believe that circumstances will ever alter so that large plants 
will be able to go back to hand-filhng, even if they should so desire. 

It remains, therefore, only for us to use our best endeavors to find 
out the fundamental laws of distribution, and then to design an appa- 
ratus which will conform with those laws and survive under the con- 
ditions on the top of the furnace. These are that any apparatus placed 
there shall receive a scant inspection surely not oftener than once a 
shift; that a shut down for its repair or for overhauUng will be toler- 
ated certainly not oftener than once in six months; that it must operate 
twenty-four hours a day, and seven days a week; that it must prac- 
tically always be almost at the limit of working temperature for ordi- 
nary machinery; that it must be not infrequently exposed to a much 
higher temperature and often to flame itself, and that it must work in 
an atmosphere composed largely of the dust of one of the .most abrasive 
materials in the world. That, further, it shall receive its material with 
irregularities depending upon a thousand circumstances, and shall 
smooth these out and deliver the material properly to its place on 
the main bell. That it shall pass pieces of scrap iron up to several 
hundred pounds in weight, two or three feet in length, and of almost 
inconceivable roughness, without injury to itself, and without delay, 
and that finally the total height through which the material must pass 
in the performance of these operations shall be a minimum, so that the 
coke shall be broken up as Uttle as possible. 

If in the scant twenty years which have elapsed since the mechan- 
ical top became widely introduced we have not achieved perfection 
in all these results, it is perhaps nothing to cause surprise. In con- 
templating the long distance we have come from the vast amount of 
expensive labor, the derangements of the furnace due to frequent 
inabiUty to keep it full and from the horrible results of the early at- 
tempts at mechanical filling, I think we have every reason to feel, if 
not satisfied, at least that we have made great headway, in one of the 
most difficult tasks of designing ever submitted to the engineer and 
metallurgist. 



CHAPTER III 
THE BOn.£R PLANT 

In the early days of blast-furnaces when furnaces were small and 
the quantity of iron made per cubic foot of furnace capacity was very 
small as compared with present practice, the quantity of power re- 
quired to drive the furnace was relatively insignificant. In that early 
day the gases from the top of the furnace were allowed to burn to waste 
in the air, and plants were generally located with reference to a water- 
power site. 

With increase in size and rate of driving, the amount of power 
required increased very rapidly. We shall see in a later chapter that 
this increases nearly as the square of the output of a given furnace, 
and that modern furnaces require from 2000 to 3000 horsepower to 
drive them. Consequently as furnaces were driven harder it became 
more and more difficult to find water powers adequate to blow them. 
This, with the increasing introduction of the steam engine in suitable 
sizes and designs, and the increasing realization of the vast fuel value 
of the furnace gases, led to the introduction of steam power for blowing 
furnaces. 

This step was hastened by the advent of anthracite as a furnace 
fuel, the pressures required with it being so much greater than they are 
with charcoal fuel in a given size furnace, and under conditions similar 
in other respects. 

The question of the quantity of furnace gas per ton of iron pro- 
duced and its heating value will be treated at some length in a later 
chapter, but in tracing the development of the present subject we may 
say that in ordinary, good modern practice about one-half of the 
total thermal value of the fuel charged comes out of the top of the 
furnace in the form of its top gases. Some 6 to 10 per cent, of this 
heat is in the sensible condition, the rest is contained in the gas in the 
shape of CO, whose combustion with air gives 4370 B.t.u. per pound 
of CO, or 10,200 B.t.u. per pound of carbon contained. 

In good modern practice there are produced per ton of iron on the 
average about 140,000 to 200,000 cu. ft. of gas, of which about 60 per 
cent, by volume is nitrogen, and the remaining 40 per cent, is made up 
of CO, CO2 and hydrogen in varying quantities; this gas has a thermal 
value ranging from 90 to 115 B.t.u. per cubic foot. 

In Lake ore practice the quantity produced is from 140,000 to 
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160,000 cu. ft. per ton of iron; the analysis approximates N 60%, 
COs 15%, CO 23%, H2 2%, and the heating value 95 B.t.u. per cubic 
foot. 

' In districts where leaner ores are used and correspondingly more 
coke is required the percentage of nitrogen does not alter much, but 
the CO increases at the expense of the COj with proportional enrich- 
ment of the gas and increase in its thermal value. 

In the early furnaces, this gas was allowed to escape freely from 
the top of the furnace, from which it burned continuously in a great 
flame, visible at night for miles; this is the case at a few cold-blast 
charcoal furnaces to this day. 

The first attempts to utilize the heat of the waste gases were directed 
toward heating the blast rather than to generating steam. Furnaces 
were quite conmionly built, 30 or 40 years ago, with a small pipe stove, 
of the general type to be described later, on top of the furnace and 
immediately over the throat, the gas rising from the latter mixed with 
the air and the resulting flame was drawn up through the stove. One 
or two charcoal furnaces built on this plan are still in operation now 
(1916). This construction, at least in some cases, necessitated the 
filling of the furnace entirely on one side and wonder is that furnaces 
could operate at all under this handicap, in fact, it is perhaps the greatest 
tribute to the hot blast that a furnace with hot blast produced in this 
way would do enough better than a cold-blast furnace symmetrically 
filled to make the change a profitable one. 

The next development in the utilization of the furnace gas was to 
put both boilers and stoves on a masonry structure as high as the top 
of the furnace, and lead the gas off through flues opening into the stack 
several feet below its top. The resistance of the stock colunm above 
the flues and the draft of a powerful draft stack at the far end of the 
system served to draw the gas off through these flues. Air drawn in 
from the top of the furnace through the inversities in the stock mixed 
with the gas so that it was drawn through the stoves and boilers, not as 
gas but as flame. 

The idea that the gas kept from contact with the air could be led 
about and burnt at practically any desired distance from the top of the 
furnace seems to have been rather slow in taking hold. The introduc- 
tion of the bell and hopper enabled the top of the furnace to be sealed 
tight except when the bell was opened to charge the stock, ordinarily 
only about 5 per cent, of the time. Finally the gas lost during this in- 
terval was saved by the introduction of the upper bell. Under these 
conditions the top of the furnace is never opened to the air and a con- 
stant pressure is maintained suflBcient to force the gas through the 
downcomer and mains to the boilers and stoves, or to the cleaning sys- 
tem, as the case may be. 
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In this system, therefore, the mains carry not flame but gas, which 
may even be reduced to atmospheric temperature and still remain an 
excellent combustible. 

Under these conditions the gas can be led without difficulty to 
very considerable distances and consequently the stoves and boilers 
can be located with reference to other considerations. They have 
accordingly, for many years past, been placed on the ground and in 
positions best suiting the convenience of the plant as a whole. 

This gas containing, as has been said, roughly 50 per cent, of the 
total energy of the fuel charged, supplies the heat necessary for all 
the operajtions around the plant outside the furnace itself. Its first 
and foremost use is for the purpose of heating the air, with which we 
have no present concern. This, in good practice, consumes about 25 
per cent, of the total gas. In first-class modern practice another 12 to 
16 per cent, is required for blowing power, and 5 to 10 per cent, for 
miscellaneous purposes around the furnace, hoisting, pumping water, 
etc., and loss, leaving about 50 per cent, of the gas, or nearly 25 per 
cent, of the total energy of the fuel charged, available for purposes 
entirely independent of the furnace. 

The steam plant at the blast-furnace has been until very recent years a 
poor and inefficient one, measured by the standards prevailing at similar 
periods in other lines of industry. The reason for this is not far to seek. 
When the closed-top furnace was introduced, and it was found that the 
gas could be forced by this means to any desired point within reason, 
it soon developed that the furnace possessed a source of power ample for 
its needs, even with the cheapest and simplest type of steam plant. 

Steel mills at that early day were not generally built immediately 
in conjunction with furnace plants as they are to-day, and the latter, 
therefore, did not generally have any local market for the suplus 
power, and until the general introduction of electricity for Ughting and 
power transmission there was no disposition for power except such as 
could be developed immediately where it was to be consumed. Hence 
there was no use for surplus power which might be developed by the 
use of economical machinery, and as this machinery was higher in 
first cost, and more expensive to operate than the simplest and plainest 
type, the latter was in almost universal use until within the last fifteen 
or twenty years. Slide-valve or piston-valve engines with late cut-off 
and little expansion, using low boiler pressure, and running non-con- 
densing were the rule. 

The boilers likewise were of the cheapest, simplest and generally 
most inefficient types. Plain cylinder boilers with their enormous 
settings and proportionately excessive air leakage were the prevailing 
style until within the last twenty or thirty years. These boilers were 
literally plain cylinders, or sometimes a pair set side by side, from 3 
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to 4 feet in diameter and 40 to 50 feet long, entirely without flues. 
Sometimes there were two pairs, one above the other, the lower one 
joined to the one vertically above it by necks on each outside or "high" 
sheet, the whole suspended from two or three suspension points and 
exposed to the flame up to a height just below the water level in the 
upper cylinder, the gases making only one pass straight through to the 
chimney connection. 

On account of their enormous water contents m comparison with 
their heating surface, these boilers possessed a great quantity of reserve 
energy, and steam pressure would not drop injuriously during a few 
minutes' suspension of the gas supply. They were also very easy to 
clean because containing no tubes. Men could be put inside them and 
chip off the scale with chisels or brick axes, which, of course, is impos- 
sible in other types of boileris except as to a small fraction of their 
heating surface. 

Other than this these old types of boilers had Uttle to recommend 
them, as the great cost of the setting and the high price per square 
foot of their heating surface made their cost per horsepower installed 
about as high as that of better types. 

The great increase in the tonnage of iron produced in a furnace of 
a given size, which might almost be said to have culminated with the 
Duquesne revolution, and the increase in the size of the furnaces 
themselves, both acted in the same direction, that of requiring a higher 
blast-pressure to force the desired quantity of blast into the furnace. 
This in turn required more power, and therefore the practice which 
had been adequate if not ample for the old conditions became inade- 
quate for the new, because its consumption of steam was so great that 
the combustion of all the furnace gas available was frequently unable 
to supply the quantity required. When this occurred it was neces- 
sary to burn coal under the boilers, and such coal represented a dead 
loss. 

During the same period the integration of iron and steel plants 
developed extensively. Furnaces were built at large steel plants, or 
steel plants at furnaces in order that direct metal from the furnace 
might be used at the steel plant with a great saving in expense for 
both, the furnace sending the iron in ladles to the steel plant and so 
avoiding the cost of casting and handling it, while the steel plant 
avoids the greater cost of remelting it. 

The well-equipped furnace plant having generally, if not always, a 
considerable excess of steam at its command, advantage was taken of 
this fact by running a steam pipe from the furnace boilers to the steam 
mains at the steel mill, the latter using enormous quantities of power, 
but having no source of supply of its own except by burning coal or 
other conmiercial fuel. 
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The great value of the power so suppUed became more and more 
appreciated and the power plant at the blast-furnace was gradually 
improved so as to leave a larger margin of gas available for the steel 
mill, and this process has now gone on until some of the finest and 
most economical power plants in the world are those employed in 
blowing blast-furnaces, while the subject of power development for' 
this purpose has enUsted the closest attention in Europe and more 
recently in this country as well. 

It is a rather interesting fact that this gradual progress from the 
utter indifference which came from having a prodigal supply of power 
and no use for the surplus, to the present condition in which the expend- 
iture of every thermal unit is watched with a jealous eye, lagged a 
little behind the development of the steam boiler from the relatively 
crude types, which I have described, and which were in practically 
universal use at one time in all other industries as well as at the 
blast-furnace, into the modern water-tube types. In other industries 
after the single-flue and two-flue boilers, came a gradual increase in the 
number and decrease in the size of the flues, the multitubular boiler, 
which was for so many years the standard in good steam practice. 
Then came the later evolution, forced by rising steam pressures, from 
the horizontal tabular boiler to the water-tube boiler, which became 
well established about the time the demand developed for more economi- 
cal boilers for blast-furnaces. 

In this way blast-furnaces skipped that period of development 
during which the horizontal tubular reigned supreme in most indus- 
tries, and passed immediately from the cruder types to the modern 
water-tube boiler. 

Horizontal tubular boilers. — At the Illinois Steel Works in South 
Chicago, where coal was expensive as compared with Pittsburgh, and 
where a furnace plant and steel mill were early operated in conjunc- 
tion, they used at one time a great number of horizontal tubular boil- 
ers; but this is the only large blast-furnace plant, to my knowledge, 
where extensive use was ever made of this type of boiler. These have 
now all been superseded by water-tube boilers. 

In New England, where fuel is expensive and where the textile 
mills use in the aggregate almost as much power as do the steel mills 
of the country, so that their operators have been forced to use every 
possible economy in steam generation and utilization, they continue 
to use the horizontal tubular boiler to a great extent, even down to 
the present time. 

It is, therefore, not on the ground of economy that this boiler has 
been driven out, but rather by two demands of modern practice which 
jointly have set conditions impossible for it to meet. These two con- 
ditions are, first, increasing steam pressure; second, a demand for large 
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individual units so as to keep down as low as possible the total number 
of units for large powers. Both these conditions necessitate heavier 
shells for horizontal tubular boilers, and since these are exposed to the 
direct action of the fire their safe thickness is Umited to that which will 
permit the cooUng effect on the inside to prevent the rapid burning or 
cutting away of the outside, particularly at the seam with its double 
thickness and projecting rivets. 

Water cooling is effective against the direct action of fire only within 
certain definite limits of thickness, and these are approximately reached 
in the horizontal tubular boiler at a capacity of 300 horsepower and a 
pressure of 125 lb. to the square inch, and though by special construc- 
tion these conditions have been exceeded in horizontal tubular boilers, 
this pressure is lower than that demanded by modern practice, and the 
units are smaller than is desirable in large plants. Hence the horizon- 
tal tubular boiler is eliminated from the competition. 

Moreover, the question of safety is always to be considered, and 
while it must by no means be thought that water-tube boilers are 
free from accidents, it must be admitted that the consequences of 
such accidents are probably on the average less destructive to life 
and property than those of horizontal tubular boilers. 

The number of types of water-tube boilers which have been intro- 
duced in the last twenty or thirty years is literally legion. Many, if 
not most of them, have been applied from time to time and from place 
to place, in . blast-furnace service. Many of them are still in such 
service. But the development of modern plants has settled down to 
the use of half a dozen types, of which we may consider four. 

Before proceeding to a description of these, however, a general 
review of the conditions of operation of boilers at blast-furnace plants 
will not be amiss. These differ in some respects from those prevaiUng 
in ordinary installations. First, they are normally gas-fired, though 
provision is always made for the use of coal should it become neces- 
sary. Second, the furnace gas with which they are fired generally con- 
tains a considerable quantity of dust which settles on the tubes and 
heating surfaces and, if not removed, rapidly impairs their conductipg 
power. Third, the boilers are operated twenty-four hours a day and 
seven days a week. There is no stoppage of the plant over Sunday 
during which the boilers can be cleaned, as is customary in other 
industries, and for this reason a sufficient reserve of boiler power must 
be installed to allow at least one unit to be constantly out of service 
for cleaning. Other than these, the conditions do not differ materially 
from those of economical boiler operation in general. 

General consideratioiis concerning water-tube boilers. — The first 
and most important condition is, of course, that the tubes must be 
kept clean, not only externally but internally, and until very recent 
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years it was practically impossible to do this in any except perfectly 
straight tubes. This is no longer true, but at the same time straight 
tubes are greatly to be preferred to curved ones, as they are less 
expensive and generally . far less troublesome to replace than curved 
tubes, and in everything except length are interchangeable, which can- 
not be the case when curved tubes are used. 

Owing to the nature of hydrostatic pressure, any vessel subject 
to such pressure tends to become circular, and if any other form than 
this be used, in order to resist deformation it must be given greater 
strength than would be required by the circular form in a proportion 
greater than its deviation from the latter. For this reason flat, parallel 
surfaces on upper and lower drums, until recently the only ones be- 
tween which straight tubes could pass, have been frowned upon by 
boiler insurance companies and boiler inspectors, particularly during 
recent years when pressures have risen far beyond what they were ten 
years ago, because of the difficulty of staying such flat surfaces so that 
they will stay flat, and the liability to excessive stresses and leakage, 
and even failure if they distort under pressure. 

Moreover, it was for a long time very desirable to have the tubes 
not only straight, but to have them so set that their ends could be 
exposed and a cleaner, 
carried by a rigid rod 
a little longer than the 
tube, inserted and 
driven through. This 
could not be done if 
the tubes were set in 
drums, because the 
drum would prevent 
the insertion of a 
cleaner so mounted 

into the tube. There- pig. 61. The Heine BoOer without its setting, 

fore, two of the most 

successful of the earlier types of boilers had parallel water legs depend- 
ing from opposite ends of a combined steam and water drum above, 
and from one of these water legs to the other ran the straight tubes. 
The water legs could obviously not be circular in shape and yet per- 
mit the use of straight tubes, so they were made in various ways to 
give the necessary strength and access to the tube ends, and at the 
same time permit the use of straight tubes. 

The Heine BoUer. — One of the types of boilers on this general 
plan is the "Heine," built by the Heine Safety Boiler Company, and 
illustrated in Figs. 61 and 62. Fig. 61 shows the construction of the 
boiler independent of its setting. The water legs arc made of flat plates 
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stayed together by screw stays, as in locomotive-boiler construction, 
the perfectly flat parallel surfaces lending themselves to safe and 
adequate staying better than any other shape. The inner surfaces of 
the water legs act as the tube sheets, while holes a trifle larger than 
the tubes and exactly in line with them are cut through the outer 
surface of the water legs. These outer holes are closed when the 
boiler is in operation with a hand-hole plate, dog and bolt, but when 
the tubes are to be cleaned or removed these hand-hole plates are 
removed and give free access to the ends of the tubes. 



Fig, 62. The Heine boiler in its setting. 

The screw stays should be called stay tubes and not stay bolts, 
because there is a hole through each of them large enough to permit 
the entrance of a half-inch pipe with a steam jet on the end, and as 
these stay-tubes are in the center of the space between the water tubes 
this permits the steam jet to pass down between the latter from end 
to end, and thus effectively to blow the dust off one-fourth of each of 
the four surrounding the space. 

This is necessary with boilers in all industries, but is particularly 
necessary at blast-furnaces because of the great quantity of fine dust 
carried by the gas at the majority of plants. 

The boiler in its setting is shown in Fig. 62, which also shows the 
bafHing. It will be seen that the gases go to the rear, then to the 
front, and then to the rear again, passing around the drum on their 
way to the stack. For this reason the drum is covered with fire brick 
above the water line, and this is very important because I have seen 
the drums of this type of boiler badly burnt through failure to keep 
these covering bricks in place. 
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Fig. 62 shows a boiler adapted only for the burning of coal, but only 
two minor changes are required to adapt it to burning furnace gas 
also. First, it Bhould be Bet a little higher above the grate, and a 
burner opening should be provided through the front wall between the 
bottom of the water leg and the top of the fire arch. Second, the 
tiles used as baffling immediately over the fire should be of the type 
which completely surrounds the tubes, covering their lower as well as 



Fig. 63. Wrought steel inclined header. B. & W. Boiler. 

their upper surface, as such tiling constitutes a water-cooled fire arch. 
The tiles become hot enough to help combustion, whereas the relatively 
cold tubes kill down the flame before the gas and air have a chance 
to mix sufficiently to produce complete combustion. When such gas 
has once been extinguished it will not reignite, but passes out of the 
stack unburnt and represents a dead loss. 




Fig. G4. Forges steel c 






The Babcock & Wilcox boiler. — This boiler differs from the Heine 
principally in having the water leg subdivided into as many sections 
as there are vertical rows of tubes, this being a still further extension 
of the sectional idea for localising and minimizing the effect of failure 
of any part. As the arrangement of the tubes in a vertical plane is 
staggered, these headers are made sinuous, as shown in Fig. 63. 

A saddle or cross-box shown by Fig. 64, is riveted to the drum, 
and each of the headers is connected to this by means^of a straight 
tube expanded into the top of the header at one end and into the 
bottom of the cross-box at the other. 
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The boiler ae a whole is well shown by Fig. 65. This boiler is 
suspended from a structural steel frame instead of being supported 
directly on the brick, as is the case in the Heine boiler. Another dif- 
ference from the latter boiler is that in this case the passes are at right 
angles to the line of the tubes instead of parallel with them. 



Fig. 65. Babcock & Wilcox boiler id setting. 

The baffles are built up of fire brick supported by clamps around 
the tubes. These fire bricks make a continuous wall with the tubes 
passing through it, and supporting it. One of these walls run up from 
the lower bridge wall, the other comes down from the suspended upper 
bridge wall, the passage of the gases being first up, then down, and then 
up again, either out above, or through the suspension tubes of the rear 
headers, and into an underground flue. 

The arrangement of having the gas pass off upward is very much 
to be preferretl to that in which it passes downward because the latter 
involves the use of underground fines, and when these become ob- 
structed by dust as they ordinarily do in the course of a few month's 
run, they can in general only be cleaned by shutting down the plant 
and putting men into them to shovel them out. In some cases the 
arrangement is such that a heavy stream of water can be turned into 
the flue and the dust washed out with this, but even this arrangement 
is inferior to the overhead flue, which may be provided with dust 
pockets through which the dust can be drawn into carts or wheelbar- 
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rows before it accumulates to an objectionable extent, and without 
any interruption to operation. 

The boiler here shown is equipped with a super-heater, this being 
the U-shaped coil lying on its side in the space between the bottom 
of the drum and the top of the water tubes. Super-heaters have never 
been used in blast-furnace practice until recently, probably for the 
reason that they have the reputation of requiring a good deal of main- 
tenance, and a correspondingly large number of interruptions to service, 
both of which would go far to offset any advantage they might produce 
in steam economy, interruptions to continuous service being parti- 
cularly objectionable, but in modem plants super-heaters are being 

m 

installed. 

These boilers can be arranged for gas firing exactly as described 
for the Heine, by the introduction of a gas burner immediately above 
the fire door, but my preference is strongly in favor of the use of a 
combustion chamber for burning furnace gas, and as the tiles sur- 
rounding the tubes cannot be used in this boiler because they would 
cut off the passage of the gas and flame completely, I am strongly in 
favor of the use of a Dutch oven in front of these boilers when they 
are to be fired with furnace gas. 

Such a Dutch oven will be described and illustrated in connection 
with the Rust boiler, and therefore need not be described in detail here. 
In order to apply it successfully the boiler generally requires to be set 
somewhat higher than when no Dutch oven is used, but this is a mat- 
ter of slight first cost and no subsequent disadvantage. 

The sinuous headers fit into each other very closely and no oppor- 
tunity is permitted to introduce a steam jet longitudinally between the 
tubes. Consequently, in order to permit these boilers to be blown off, 
three sets of blow-off doors are provided whose location is indicated by 
the three vertical rows of white dots between the tubes in the illus- 
tration. The brickwork is cut away from these doors at an angle of 
45 deg. on each side, and individual blow-off holes are provided 
opposite the space between each two rows of tubes. By this arrange- 
ment a steam jet can be inserted between each pair of horizontal rows, 
and also above the top one, and swung through a wide angle. By 
doing this from both sides the dust may be blown from the tubes quite 
effectively. 

The headers are provided with holes in each side exactly like the 
water legs of the Heine boiler, the outside One being covered by a cap, 
held to place against the pressure of the steam with a bolt pulling 
against an inside dog. This puts the joint on the outside of the header, 
and these are all ground so that a metal-to-metal joint can be made. 

These caps give access to the inside of the tubes for cleaning exactly 
as in the Heine boiler, and like it at the expense of two hand-hole 
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joints to make for each tube, to which some operators object on 
account of the pains necessary to keep these joints in good order, 
although if they are made thoroughly tight before the boiler starts 
up, they seldom give trouble in operation. 



The Stirling boUer. — This boiler and its setting are both clearly 
shown in Fig, 67, This boiler is of an entirely different type from 
both the two preceding ones in two important particulars. First, 
there are no headers but three circular drums above and one below. 
From each of these three a set of tubes run to the lower one. Second, 
as the tubes all enter the drums radially they are necessarily curved 
at the ends to a greater or less extent. 
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Ttiis construction eliminates the header altogether, but introduces 
the curved tube, and also cuts off access to the tube with a bar or 
cleaner of any type except a flexible one. 

This for many years was the most serious obstacle to the continued 
successful operation of these boilers. They were furnished with scrap- 
ers mounted on chains with a weight on the end, this weight was 



Fig. 67. StirUng boiler in setting. 

dropped through each tube in turn and the scraper then pulled through 
after it. It will be seen that this was an exceedingly laborious opera- 
tion, particularly as the drums are small, only 3 to 4 feet in diameter, 
and men could consequently only work lying down or crouched very 
low. The air in these drums is generally not of the best and the slight- 
est leak of hot water from the steam connections above, or the blow- 
off below, makes them an almost intolerable place in which to do any 
work, especially the violent physical labor involved in hand-scraping. 

These conditions have been very much changed by the introduction 
of power cleaners, which we will describe briefly at the end of this 
chapter. 

The baffling in these boilers is inclined, following the line of the bat- 
teries of the tubes running to the different drums. The course of the 
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gases is up, down, and then up through the stack connection to the 
draft opening just back of the rear drum. Three ordinary cleaning 
doors are provided above and one below, through which a steam 
jet can be introduced into the setting and the dust blown from the 
tubes, but owing to the steep angle at which the latter stand dust has 
not ordinarily the same tendency to settle upon them that it does on 
tubes that are approximately horizontal. 

The bottom drum serves as a mud drum, and the sediment con- 
centrated by the evaporation of the water gathers there, at least in 
part, and is blown off through the blow-oflf valve. 

The feed takes place in the rear upper drum, which is entirely filled 
with water, and from there the feed water passes forward to the second 
and finally to the forward drum, there being a set of water tubes below 
the water line, and also steam tubes above it, connecting the front 
and middle drums, which serve as steam drums, particularly the 
middle one. 

The setting of this boiler is regularly provided with a partial com- 
bustion chamber, and therefore furnace gases may be burnt under it 
by introducing the burner immediately above the fire-door, but for 
best results with furnace gases the setting should be modified by throw- 
ing its lower part forward so that the combustion chamber is made 
longer. 

As between the Stirling and the Babcock & Wilcox boiler some pre- 
fer the Babcock on account of its straight tubes and ease of cleaning, 
while others prefer the Stirling, claiming that it gives drier steam, and 
also because it does not have a multiplicity of hand-hole plates to put 
on, take off, arid keep tight. 

The Rust boiler. — This is the latest developed of any boiler in 
extensive modern use. It was invented to solve what had seemed for 
many years an insoluble problem, that of making a boiler containing 
nothing but straight tubes, and yet using only circular drums. This 
seemed impossible, because it is necessary for the tubes to enter the 
drum radially in all the older constructions, and this means that all 
the tubes except one row must be bent to reach this direction, as is 
clearly shown by the illustration of the Stirling boiler. 

Mr. E. G. Rust, then chief engineer and later general superintend- 
ent of the Colorado Fuel & Iron Company, overcame this difficulty 
by making a forged steel tube sheet for the drum, which is circular 
in its principal section, but which has forged into it cup-like depres- 
sions whose axis is not radial to the drum, but in the line which the 
tubes are desired to have. This is shown by Fig. 68. These tube 
sheets are made of sufficiently heavy material so that even after the 
drawing necessary to form these pockets the material is amply strong. 

The boiler in its setting is well shown by Fig. 69. It consists of 
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four drums, two below and two vertically above, connected by five rows 
of straight vertical tubes. A bridge wall extends up from the founda- 
tion between the two elements of the boiler. The flame comes in on 
one side, passes vertically 

up, surrounding one nest of s 1 I I F^ 

tubes, over the bridge wall | I I _ If 

and down, surrounding the J^^^i;i;i^-'t____ijic:^^v^ i 

other, thence to the stack. Mx^^ 'xx^ 

The bottom drums are con- M^ . ^^ 

nected by a single row of M^ ^^ 

straight tubes, the top drums Y\%. 68. Rust tube sheet. 

by an upwardly curved set 

of tubes for steam, and a downwardly curved set for water, the latter 

carrying baffle tiles to keep flame out of contact with the drums above 

the water line. 

One of the advantages claimed for this boiler is that the tubes 
being set vertically the dust has a minimum tendency to adhere to 
them, nevertheless three horizontal blow-off doors are provided which 
are of the same type as those described for the Babcock & Wilcox 
boiler, but set horizontally in this case so as to be at right angles to 
the line of the tubes. The setting of this boiler precludes the possi- 
bility of having the flame burn directly upward against the tubes, and 
owing to this construction a Dutch oven must be provided even with 
coal firing, which makes its adaptation to blast-furnace gas very easy. 

Fig. 70 shows the front of a battery of these boilers equipped with 
gas burners above the fire doors. The gas main may be seen in the 
upper right-hand corner of the illustration, with its connections to 
the individual pairs of burners. The valves controlling the latter, 
operated by wheel and hand-chain, are also shown. 

It seems no more than fair to say that these boilers are generally 
preferred above any other type by blast-furnace managers who have 
used them. 

Gas burners for boilers. — Blast-furnace gas is a relatively lean 
gas. When of the normal composition given above it requires about 
60 per cent, of its own volume of air for theoretically complete com- 
bustion, to which a small excess is generally added because while the 
losses from heavy excess of air are very great, those from unburnt 
combustible are still greater, and as it is impossible to maintain an 
absolute adjustment of air to gas it is better to err on the side of hav- 
ing a small excess of air rather than any considerable quantity of 
unburnt fuel. 

In order to get the best results with the least excess of air an inti- 
mate mixture of gas and air must be made, and as the velocity of the 
gas through the boilers under the effect of draught is high the time 
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for making this mixture is limited to a small fraction of a second. For 
this reason the entering currents of gas and air must not only be in 
intimate contact, but must present a maximum surface of contact 
for the area of opening required. This result is obtained either by 
the use of multiple ports for gas with air ports between, or by the use 
of a narrow port for gas with air on both sides. The latter is the type 
shown in Fig. 70. 




Fig. 69. Rust boiler in setting. 



The end of the curved flat burner projects into the front of the 
fire box with a clear space for air all around it. By the simple expedi- 
ent of having a rectangular frame surrounding the burner and sliding 
on it, which can be pushed up close to the fire box front or drawn away 
as desired, the amount of air admitted may be varied at will, while 
the amount of gas may be controlled by the gas valve above. This 
provides independent regulation of air and gas, admitted to be a prime 
necessity for the most economical combustion of furnace gas. 

In former times gas flues from the furnace to the boilers generally 
ran underground, and in these cases the burners were arranged to 
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stand over an opening in the top of this flue. But such flues are unsat- 
isfactory, both because of the difficulty of cleaning them out, which is 
even greater than in the case of the chimney flues, and because being 
under the ground their tightness can never be insured, nor the amount 
of. leakage from them determined, and leakage of furnace gas is not to 
be tolerated because only a few cubic feet in a large room are suffi* 
cient to cause sickness and violent headaches, if not more serious con- 



■ Fig. 70. Burnere for blast tumace gas. 

sequences. Therefore, overhead mains of steel Uncd with fire brick 
are now commonly used, and the burners are suspended from them in 
some such way as that illustrated. This is a decided advantage, not 
only for the reasons given but because the burner is completely above 
and out of the way of the iire doors in case coal flring is necessary. 
This is by no means the case with burners coming up from below, which 
are not infrequently in the way at such times. ' 

Precautions as to grates. — When a Dutch oven or combustion 
chamber such as I have recommended is used, the radiation downward 
from its roof or top surface is intense, while the grat«s are not pro- 
tected by a current of air up through them as they are when coal is 
burned, since the air must be admitted with the gas for reasons ex- 
plained above, and therefore the ash-pit or draught doors must be 
kept closed. 

For this reason the grates should be lightly covered with some sub- 
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stance such as coal, ashes, or even a layer of brick laid loosely over 
them, to cut off the heat from above, otherwise the radiation from the 
arch is liable to melt them down or at least fuse shut the air openings. 
This might not be observed so long as the gas supply continues, but 
if in an emergency it suddenly becomes desirable to fire coal, the grates 
being worthless, none can be burned, and serious delay results, as well 
as the loss of the grates. 

Very frequently the grates are protected by having a bed of coal 
spread on them which burns very slowly because no air comes up 
through it; the hot upper surface of this serves to light the gas instantly 
if the supply should fail momentarily and then start again. This is 
a matter of much importance, because if a mixture of gas and air fills 
the setting before ignition, an explosion will result when ignition takes 
place, and the setting at least will be seriously damaged; even the 
boilers may be thrown out of place and they or their steam connections 
ruptured. Accidents of this kind have frequently occurred, and too 
many precautions cannot be taken to avoid them. 

Boiler cleaning. — I have already described the earlier and cruder 
methods of cleaning water-tube boilers. It is not too much to say 
that these methods were so ineffective and the difficulty of keeping the 
tubes of these boilers in condition was so great that it seriously re- 
tarded the introduction of this type of boiler. 

When 'scale becomes too heavily incrusted upon the tubes of a 
horizontal tubular boiler to be removed in any other way, the tubes 
can be cut off and removed bodily from the boiler, and the scale 
can then be cleaned off of them without much trouble or expense. The 
tubes can then be welded out to their original length and replaced in 
the boiler. This is not a matter of prohibitive expense. But when 
a water tube becomes heavily incrusted with scale it cannot be cleaned 
even in this way because the scale is as inaccessible when the tube is 
out of the boiler and when it is in place. This is so serious a consid- 
eration that the writer on one occasion needing additional boiler capac- 
ity installed a horizontal tubular boiler rather than contend with 
the difficulties of cleaning the water-tube type. 

In more recent years these conditions have been greatly improved 
ior the water-tube boiler in two ways. 

First, by the very general introduction at large plants which do 
not possess a natural supply of good boiler water, of purifjdng plants 
which neutraUze any injurious acid which the feed water may contain 
(this in coal-mining regions is sometimes a very large quantity), and 
then, by the addition of suitable chemicals, precipitate out a large 
part of the scale-forming material which the water contains, and throw 
that which is left into a form which makes sludge that can be blown 
out instead of forming scale. Without such treatment this material 
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settles on the tubes and other heating surfaces in a deposit almost as 
hard as iron, and almost as non-conducting as asbestos. 

Second, by the introduction of power-driven boiler cleaners of 
various types. Generally the power is transmitted to the cleaner by 
water under pressure or by compressed air; the fluid under pressure in 
either case drives a motor small enough to go inside the tube and pass 
through it freely. This motor carries at its forward end steel cutters 
of various forms, generally loosely pivoted to the shaft of the motor 
and thrown out to the wall of the tube by centrifugal force. 

The motor is run at a very high speed and the rapid whirling of 
these cutters removes the scale which is carried out of the tube by 
the "exhaust" of the fluid which drives the motor. 

Much ingenuity has been employed both in making and in selling 
devices of this kind, and some of them are extremely meritorious. 
The motors in general are of two types, turbine and sliding-vane pos- 
itive-pressure motors. It would be thought that this would be the 
ideal field for the turbine, but I have obtained the best results with the 
sliding-vane positive-pressure motor. 

As between the two fluids, water and air, the advantages, in my 
judgment, are so strongly in favor of compressed air as to put it 
beyond comparison. This is for two or three reasons. First, the men 
working with the apparatus are at close quarters with it in a confined 
space, and no matter how carefully made and operated water-driven 
apparatus may be, under such circumstances it is impossible for the 
operator to avoid becoming wet and w^ry dirty from the sludge pro- 
duced by the grinding up of the scale. This makes the task an ex- 
cessively disagreeable one for the operator, and materially reduces his 
speed in accomplishing it. Secondly, the exhaust water from the 
motor cannot be prevented from reaching the brickwork of the setting 
to a greater or less extent, and in the Babcock & Wilcox boiler it 
is almost impossible to prevent its running down into the underground 
flue with a bad effect upon both the draught and the flue. 

With air none of these disadvantages exist. The air is perfectly clean, 
and its expansion even tends to cool to a small extent the air in the 
drums which the operator has to breathe, so actually amehorating the 
conditions under which he has to work, while, of course, it has no effect 
whatever on the setting. Moreover, the amount of power needed may 
be transmitted through a much smaller hose with compressed air than 
with water, and therefore the hose which connects the motor with the 
supply of power, and by which it is pushed through the tubes, is corre- 
spondingly smaller, lighter and easier for the operator to handle. 

By the use of the best types of these cleaners boiler tubes can be 
kept clean at the fraction of the expense and with a fraction of the 
time lost from service that are required when hand-cleaning is used. 
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Moreover, it is very much to be doubted whether hand-cleaning 
ever cleans the tubes so thoroughly as do power pleaners, no matter 
how cohscientiously the former may be done. 

I have seen the power cleaner applied to boilers supplied with the 
best natural feed water which had received the most thorough care, 
were thought to be absolutely clean, and were, as far as could be seen, 
but at certain points the cleaner found and removed scale a quarter 
inch or more in thickness, which had been entirely invisible from the 
ends, although these were straight tubes. 

Owing to the short length of these cleaners they may be used on 
curved tubes as well as straight ones and are equally effective therein. 

This goes far to remove the disadvantage imder which the Stirling 
and other curved-tube boilers formerly labored and to put them on a 
parity from an operating point of view with the straight-tube types, 
but, of course, it does not remove their disadvantage in the matter of 
removing and replacing tubes. 

The power boiler cleaner is Ube many other useful tools in that it 
must be used with care and discretion. 

In order to cut the scale the cutters must be good tool steel, almost 
as hard as glass and very sharp. In order to be effective they must 
run at a speed of many hundred revolutions per minute. It is obvious 
that if allowed to run in contact with the bare tube in one place they 
would soon cut it away enough to weaken it seriously if not to cut it 
through entirely, and the operator must be carefully instructed and 
advised to prevent this. 

These two developments of the past decade and a half — the feed- 
water purifjring plant which keeps out of the boilers much of the scale- 
forming material, and the power-drive tube cleaner which removes 
that which gets in — have reduced to a fraction of their former amounts 
the time, labor, worry, and expense oiF boiler maintenance, increased 
their average efficiency and decreased the percentage of spares neces- 
sary. They have thus gone far to solve the problems of boiler opera- 
tion at blast-furnaces. 



CHAPTER IV 
BLOWING APPARATUS 

The power first applied to blowing furnaces was that of water 
wheels, but something over a generation ago these passed out of use 
except at very small plants working under peculiar conditions, on 
account of the lack of water powers of sufficient capacity to drive 
furnaces with the increasing volumes of wind desired and increasing 
pressures which those volumes necessitated. This brought about the 
introduction of the steam engine for blowing purposes. The number 
of types of such engines, and the method by which they were applied 
to blowing purposes, was almost unlimited. 

About thirty years ago one type became predominant and held the 
lead for a long term of years. This is known as the long-cross-head 
type. It consists of a vertical steam-cylinder with a vertical air- 
cylinder immediately over it, both pistons being connected to the same 
piston rod. The shaft passes immediately underneath the center of 
th^ steam cy Under with a fly-wheel at each end just outside the bed- 
plate which supports the whole. These fly-wheels carry crank pins 
exactly in line with one another so as to act as one. 

The cross-head is fastened to the piston rod midway between the 
two pistons and extends parallel with the main shaft far enough for 
the wrist pins on its ends to come in line with the crank pins in the 
fly-wheels. The housings which support the air cylinder from the 
bed-plate are cut out in the center so that the cross-h,ead can pass 
through, and carry on each side of the opening the slides which guide 
the latter and take up the horizontal component of the thrust of the 
connecting rods. 

Modern designs of this type of engine are shown in Figs. 71 and 
72. This engine has the advantage of securing a direct transmission 
of the stresses arising in the work of compression directly from one 
cylinder to the other, and also of having its pistons move in a vertical 
line and therefore avoids their dragging on the bottoms of the cylinders 
with resultant friction and wear, a condition which at one time was 
considered unavoidable with horizontal engines. 

The engine is also compact; it requires only a small foundation and 
small space in the engine house. It is under the disadvantage of 
requiring two connecting rods, and of requiring very careful workman- 
ship in securing the absolute correctness of alignment of the two crank 



120 BLAST-FURNACE CONSTRUCTION 

pins. It also labors under the disadvantages in regard to supervision 
to which all vertical engines are subject. The advantages were long 
sufficient to outweigh the disadvantages, and this type of engine held 
an absolutely predominant place for a long term of years, and while 



Fig. 71. Southwark vertical long cross-head blowing engine. 

changes in the conditions have brought about the development of many 
other types, these engines, when of modern design and economical 
type, are not only kept in use, but new engines of this type continue 
to be built in considerable numbers. It is, therefore, with the devel- 
opment of this type that the modern blowing engine has its real 
-beginning. 
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At the time when these engines obtained their predominance outputa 
per furnace were small with consequent small requirements for volume 
of blast, and pressures were quite low, probably, on the average, less 
than one-half of what they are to-day. 

As a result the power required per furnace was small and economy, 
as I pointed out in the last chapter, was a factor almost absolutely 



Fig. 72. Inatalktion of "Mesta" long cross-bead steam blowing 

engines. 

ignored. The small blast volume required made it possible for few 
engines of moderate size to supply the blast required for a furnace at 
a very moderate speed. Hence, there was little or no demand for 
high speed to cut down the number and size of engines required. 

Under these conditions engines were always fitted with some type of 
self-actuating air valves, in which a slight difference of pressure within and 
without the cyUnder operated both the inlet and the outlet valves in the 
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required direction, and when this difference in pressure was ended and then 
reversed, as the piston reached the end of its stroke and started on the 
return, these valves were closed by the return currents of air so set up. 

With low pressiu-es and moderate speeds these conditions of opera- 
tion produced no bad results, especially as the pressure and temperature 
to which the air was .raised by compression were low and therefore 
valve faces and piston rings could be made of leather and wood re- 
spectively, or of other natural fibrous materials. These materials, 
however, while perfectly satisfactory at low temperature, undergo 
chemical change with increasing rapidity as the temperature rises, and 
so the time came, as pressiu-es increased, when such materials could 
no longer satisfactorily be used for these purposes. 

This forced the substitution of metal faces for these valves and 
thus emphasized the two difficulties with automatic valves, which had 
gradually come to be understood. First, if these valves are operated 
entirely by the currents of air which pass through them, they do not 
seat themselves until these currents are reversed in direction, and then 
are brought to their seats with a violent shock at any but very low 
speeds. As long as leather could be used this shock was much cush- 
ioned by the leather, but when metal faces became necessary opera- 
tion ^under these conditions became increasingly difficult. 

Second, the area inside these valves on which the excess pressure 
operates to lift them from their seats is less than the area outside 
them, tending to hold them closed, by an amount equal to the area of 
the seat itself, which must always be a considerable percentage of the 
total area. Therefore, the pressure inside the valve must always be 
greater than the pressure outside it, in the inversed ratio of the internal 
and external areas, before the valve will jopen. This leads to a delayed 
operation of the valve and necessitates a much greater difference be- 
tween the internal and external pressures than would otherwise be 
nenessary with corresponding loss of power. 

If in order to overcome the difficulty of having the valves slammed 
hard against their seats by the reversed currents, a weight or spring 
was applied to them to force them to their seats, the pressure due to 
this weight or spring must be added to the difference between the 
internal and external pressures, with corresponding further loss of 
power. It is obvious that as pressures rose and speeds increased these 
difficulties must be augmented. 

There were also other conditions of great importance to be met. 
First, the clearance should be kept small so that as nearly as possible 
all the air displaced by the piston may be driven out through the dis- 
charge valves instead of simply being compressed into the clearance 
space, and then re-expanding at the beginning of the next stroke, to 
the exclusion of air which should be taken in from outside. 
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Second, the area of the valve openings must obviously bear a definite 
ratio to the area and speed of the piston so that a valve area which is 
quite sufficient to permit relatively complete filUng and ready dis- 
charge of a given cyUnder at a low or moderate speed may be quite 
insufficient for the same cylinder at a higher speed. It must be remem- 
bered particularly in this connection that these losses are frictional 
and therefore vary as the square of the velocity, so that a cylinder 
which will fill with two ounces of suction at thirty revolutions will 
require one-half a pound at sixty, and a pound and one-eighth at 
ninety. 

To meet as well as possible these conditions of low clearance and 
large area, a great multipUcity of valves, both for inlet and discharge, 
were adopted, and this was standard practice for many years, there 
being in some designs more than a hundred such valves in each end of 
an air cyUnder of moderate size. 

With increasing rate of driving came increasing pressure, and this 
brought about another difficult condition. It modified the shape of 
the indicator diagram for the air cylinder very much for the worse, 
from the point of view of the engine. With a blast pressure of four 
pounds the piston travels only about 20 per cent, of its stroke before 
the air is compressed to the required pressure and begins to flow 
through the discharge valves, so that with reasonably good design of 
valves, the work done upon the air cylinder was quite uniformly 
distributed throughout the stroke and subject to a minimum of varia- 
tion. With a blast pressure of twenty pounds the piston travels 
more than 50 per cent, of its stroke against a pressure which rises 
constantly more rapidly, with the result that about three-fourths of all 
the work of the stroke is done in its last half. 

On the other hand, the older types of uneconomical steam cylinders 
used but little expansion and so the steam pressure was but little 
lower at the end of the stroke than it was at the beginning, and the 
drop which took place was quite gradual with no sharp or sudden 
changes. 

The demand for increased economy grew, as has been pointed out 
in the last chapter, and this could only J^e obtained by one means, much 
more complete expansion of the steam. This means that under ordi- 
nary conditions nearly one-half of the total work of the stroke must 
be developed in its first quarter, exactly the opposite to the way in 
which it is consumed, the greatest portion, as we have just seen, being 
expended in the latter portion of the stroke. 

Some form of equalizer has to store the surplus work done in the 
steam cyUnder in the early portion of the stroke, and give it out in 
the latter portion, and this equaUzer is the inertia of the fly-wheel and 
of the reciprocating parts, but it is obvious that in a running machine 
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which must have a certain amount of play in its moving parts a com- 
plete reversal of the stress from one direction to the opposite, some- 
where near the middle of the stroke, could not contribute to its smooth 
and easy working. 

It will be seen from the above that the conditions under which the 
blowing engine worked in the early days of the long cross-head type 
grew steadily worse with the development of modern furnace practice. 
As a consequence of these conditions it is probably safe to say that, 
next to the furnace itself, blowing engines have given more trouble 
and furnished more difficult problems to furnace builders and operators 
than any other portion of the equipment. 

Air valves. — To meet the increasing difficulties to which changing 
conditions subjected the automatic types of valves, many designs of 
positively actuated valves were brought out, of which the test of time 
has left but few, and it is not possible in a single chapter to treat any 
except those which have had some considerable degree of industrial 
success. 

Corliss valves. — The Corliss or semi-rotating valve had proved its 
serviceability, its relative ease of operation, and its tightness under 
long continued wear, by almost half a century of successful use in the 
steam engine, at the time when the development here under discus- 
sion began, therefore it is not surprising that this valve should have 
been one of the first applied to air cylinders. In its earlier form it was 
appUed in almost the identical way that it was in the steam engine, 
except that the inlet valve in the air cylinder corresponds to the exhaust 
valve in the steam cyUnder, as does the discharge valve of the air 
cyUnder with the inlet valve of the steam cylinder. 

A glance at the indicator diagrams. Figs. 73 and 75 showing steam 
cards. Figs. 74 and 76 showing air cards, will show that these are of the 
same general type and shape, but one is traced in one direction and 
the other in the opposite. One represents positive work and the other 
represents negative work, or energy absorbed. So the base line of 
one represents spent fluid discharged, and of the other incoming fluid 
to be compressed. 

The inlet line of the air cylinder changes but little with changing 
conditions, that is to say, the times at which the inlet valve opens 
and closes are only slightly altered by changes in speed or pressure. 

Theoretically the proper time of opening is changed sUghtly because 
the greater quantity of air in the clearance space at higher pressures 
expands to a greater volume at atmospheric pressure, and in order to 
recover all the energy due to the complete re-expansion of this air 
the inlet valve should not open until re-expansion brings the pressure 
of this clearance air down to that of atmosphere, which, of course, 
means that the inlet valve should open somewhat later with high 
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pressures than with low. But no practical or even appreciable loss is 
experienced under any ordinary condition, by having this point of 
opening fixed at the point to suit normal conditions. 




Fig. 73. 




Fig. 74. 




Fig. 75. 
rigs. 73-76. Steam and air cards. 




Fig. 76. 

For these reasons the inlet valve is positively connected to the 
eccentric and opens and closes at predetermined points in the stroke. 
The discharge valve on the other hand ought obviously to open at a 
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different point with four-pound pressure from what it would for twenty, 
and it was long thought that it was necessary to put the opening of 
this valve under the control of some type of trip mechanism, akin in 
principle to the Corliss dash-pot, which was released by a small auxil- 
iary cylinder in direct communication with the end of the main cyUnder, 
so that as the pressure in the latter rose, the auxihary piston tripped 
the releasing gear and the dash-pot pulled the valve open. 

It was left for Mr. B. V. Nordberg, of the Nordberg Manufacturing 
Company, to point out that the loss by having the discharge open a 
trifle too soon was almost insignificant, in fact practically inappre- 
ciable even with very considerable changes in the discharge pressure, 
and he therefore builds blowing engines, in which both the inlet and 
the discharge valves are rigidly connected to eccentrics, timed to open 
and close them at the proper point for normal conditions. A clause 
in the contract for the first of these engines provided that if it should 
be found necessary, an automatic gear would be provided at small addi- 
tional expense which would shift the point of opening of the discharge 
valves as the pressure rose, but the results from the engine in practice 
were almost absolutely perfect, and no conditions ever arose to cause 
regret at the omission of this automatic device. 

CorUss valves have several great advantages. By a suitable design 
of valve gear they can be made to perform most of their travel at a 
time when the pressure on their opposite sides is approximately the 
same, so that they can be moved with a minimum of power and of 
wear, and owing to the "dead travel'' obtainable with a proper design 
of wrist plate are almost stationary when the unbalanced pressure 
upon them is considerable. They are held against their seats by 
pressure, and follow them down as they wear, with the result that 
their tightness in service under good conditions is well maintained. 
They also permit large port areas with minimum clearance. 

On the other hand they require a considerable quantity of oil for 
proper lubrication, and one large set of engines with this type of valves 
so designed as to require an excessive amount of oil to keep them in 
operation was probably more responsible than any other one condi- 
tion for their failure to develop into a leading type of valve. In spite 
of this fact at least one engine with valves of this type is known to the 
writer which has been in virtually continual operation for twenty-five 
years and is in first-class condition now. 

Pot valves, — The poppet type of valve has always been used for 
discharge valves and one of the first steps in replacing the Corliss 
valve for air cylinders was the ' introduction of a modified form of 
poppet valve which opens automatically, but is positively closed, an 
idea first brought out by the German engineer, Riedler. 

This valve consists of a hollow steel pot drawn from a single piece 
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of steel. This pot is from sixteen to twenty inches in diameter and of 
approximately the same depth, with a spherical bottom surface; the 
metal in it is about a quarter of an inch thick in the bottom, and three- 
sixteenths of an inch in the sides. This closes against a suitable seat 
in the cylinder head close to the piston. Inside of it works a plunger; 
sometimes this plunger is the same diameter as the inside of the pot 
in which it acts as a piston, sometimes the plunger is of smaller 
diameter. 

This plunger is operated by a rock shaft driven from an eccentric 
so timed that the plunger forces the valve to its seat an instant before 




Fig. 77. Reynolds' poppet valve. 

the crank passes the center and before any return current of air can be 
set up from the receiver back into the cylinder. The plunger is then 
withdrawn and the valve is held to its seat by the excess pressure 
within it, since it is provided with small holes around its circumference, 
just above the seat, which put it into constant communication with 
the air receiver, and which permit the escape- of the air between the 
plunger and the cylinder, thus helping to bring it to its seat gently and 
without shock or jar. 

One of these valves is shown in the upper portion of the right- 
hand end of Fig. 77. This type of valve has remained the predominant 
one throughout the period of supremacy of positively operated valves. 
The original form of this design was the invention of the late EJdwin 
Reynolds. 

Various types of air inlet valves were tried, all designed to keep the 
clearance down to a minimum and yet give ample area for the admis- 
sion of air, not only to keep down the suction but to secure the com- 
plete filling of the cylinder before the beginning of the compression 
stroke. 
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Two of these designs were radical and interesting by their boldnesB. 
One was known from its inventor, Mr. Julian Kennedy, as the Kennedy 
inlet valve. It consists as is shown in Fig. 78, of a long slender 
cylinder passing entirely through both cylinder heads and the piston of 
the air cylinder, with suitable packing rings or glands in ijl three. 
This cylinder has near its upper and 
lower ends a system of ports cut 
through its walls on long spirals, one 
set for each end of the air cylinder. 
This valve is driven by an eccentric so 
that the ports in it are brought within 
the cylinder head during the admission 
stroke. Both ends of the valve are 
perfectly open to the air which passes 
in through its end and out through 
these ports into the cyhnder. The 
valve is properly timed to open and 
close correctly at each end of the cyl- 
inder. 

Fig. 78 shows a design in which this 
valve is set on one side of the cylinder 
and presumably in this case there are 
two of these valves. In the ordinary 
design there was one valve in the center 
PuiDorodof the cylinder, and the air piston was 
driven through two pbton rods sym- 
metrically spaced on each side of it, a 
design which has some merit. 

The other design was the invention 
of Mr. E. E. Slick, formerly chief en- 
gineer of the Edgar Thompson Works, 
now Vice-President of the Midvale 
Steel Company. This was still more 
radical. The whole cylinder was per- 
forated at each end with a set of ports 
like those in the Kennedy inlet valve, and this cylinder was moved back 
and forth by a heavy rock shaft so that during each suction stroke 
these ports came within the inner surface of the corresponding cylinder 
head, these being rigidly held independently of the cylinder and making 
a sliding joint with it like the piston. This obviously gave the whole 
circumference of the cyUnder for a port and yet the clearance due to 
inlet porta was absolutely nil. This arrangement is shown in Fig. 79; 
it has been successfully used for a number of years on large and par- 
ticularly on high-speed blowing engines, but many engineers and furnace 
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operators objected to the awkwardness of the principle involved in 
sliding a cylinder weighing several thousand pounds back and forth 
through a travel approximating a foot at a rate of sixty, seventy-five, 
or more revolutions per minute. 

The Kennedy valve also was disliked by many engineers and opera- 
ators because of the great mass of metal to be pulled back and forth 
through a travel of nearly two feet, and at speeds up to fifty or sixty 



revolutions, also to the three moving joints necessary in that device, 
one in the piston, and one in each cylinder head. On several occasions 
these valves became detached from their driving mechanism and owing 
to their inertia, due to their weight and high speed, they generally 
made a wreck of serious proportions on such occasions. 

A modification of this valve haa been very successful. This is 
shown in the lower half of the right-hand air cylinder head in Fig. 77 
and by Fig. 80. It consists practically of one end of the Kennedy 
inlet working in a short cylinder set in the main cyUnder-head. 

The air passes in this case longitudinally through the valve and then 
outward through the ports in the sleeve which carries it, and so into 
the main cyUnder. The only disadvantage under which this valve 
suffers as compared with the Kennedy is the slight increase in clear- 
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ance necessary to carry the air from the ports in the sleeve into the 
cylinder proper. 

. The weight of the valve is only a small fraction of that of the Ken- 
nedy, and its travel is also much less, so that the inertia of this type of 
valve is almost insignificant in comparison with the inertia of the 
Kennedy valve and Slick valve types. 

The construction is shown in the illustration. 
The Southwark air valve, — The Southwark Foundry & Machine 

Company had enjoyed for many 
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Fig. 80. Kennedy inlet valve. 



years the reputation of pioneer 
builders of high-speed engines, 
having developed a system of 
balanced sUde valves for the 
steam cyUnder which could be 
put under the control of a gov- 
ernor, and permitted these en- 
gines to be operated at a higher 
speed than that attainable by 
any other type of large engine at 
the time when the modern de- 
They also appreciated the ad- 



velopment of blowing engines began, 
vantages of high speed from a purely mechanical standpoint, notably 
in regard to inertia stresses and the beneficial effects which they could 
be made to exercise upon the running of engines. This is a subject 
which we shall presently discuss. 

These two conditions made it natural that the Southwark Company 
should desire to extend the benefits of their system of high speed 
engines to blowing engines, and they accordingly developed a system 
of positively operated valves arranged to open and close without shock 
and to provide ample port area for any speed at which blowing engines 
could be successfully operated. This system uses a multi-ported or 
a grid-iron valve both for inlet and outlet. The inlet valve is operated 
entirely by a cam driven by an eccentric. The inlet valve is on the 
inside of the head and is unbalanced because its movements take place 
only at times when the pressure on both sides of it is the same. The 
discharge valve is on the outside of the head and is balanced by a 
cover plate on its back. This valve is closed at the end of the stroke 
by a cam attached to the same mechanism as that which operates the 
inlet valve, but is opened by a small auxiliary cylinder in communica- 
tion with the main cylinder, when the rising pressure in the latter 
during compression, equals that in the receiver. 

A longitudinal section is shown in Fig. 81, and views of a cylinder 
head with its valves are shown from within and from without by Figs. 
82 and 83. 
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It is probably no more than fair to say that this system of valves 
was the earliest of any of the mechanically operated valves to be devel- 
oped into its present condition and at the same time remain in general 
use. It is also probably fair to say that this valve was the first to be 
used in this country at the high speeds which are absolutely necessary 
with gas-driven blowing engines, and which are very desirable with 
many steam engines. 




Fig. 81. Southwark air cylinder showing inlet and outlet valves, with gear. 

The return to automatic valves. — The last two or three years 
have seen a development in this field which brings us back almost to 
the starting point. The gas-driven engine has received a great devel- 
opment in Germany and as the speeds at which it has to run in order 
to be successful are considerably higher than those customary with 
steam engines, the question of air valves has been one of great moment 
to the German engineers, and they have developed a system which 
modern workmanship and modern metallurgy have made possible. 
The design used by the American licensees of the Rogler patents, the 
IngersoU Rand Co., is shown by Figs. 84, 85, 86, 87. The latter shows 
an 84 X 60 blowing cylinder head, equipped with these valves. 

Each valve consists of three or more concentric rings held together 
by radial bars or bridges, the whole being stamped from a single 
thin plate of special steel. 

The valve seat consists of similar but alternately spaced concentric 
rings, the openings between which constitute the ports and are covered 
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by the valve rings when closed. Four small helical springs in the cover 
plate serve to seat the valve. 



Fig. 82. Southwark air cylinder head, inside view. 

The valve is extremely hght in weight and requires but a slight 
lift to give full opening and its inertia is, therefore, very small. 

For this reason the small tension of the springs is sufficient to seat 
the valve at the proper time without adding appreciably to the air 
resistance in passing through it. 



Fig. 83. Southwark air cylinder bead, outside view. 

The principle of this valve is not essentially different from that of 
the poppet valve of fifty years ago, hut the details of the design are 
such as to constitute the difference between failure and success under 
modern conditions. 
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An American design of similar valves has been brought out by the 
Mesta Machine Company, of Pittsburgh, under the name of the Iverson 



.Fig. 84. Cross-section of Ingersoll Rogler Valve with seat, cap and springa. 

Valve. These are shown in Figs. 88, 89, and 90. In this case the 
valve is independent of the spring, which is a flat spiral (not helical), 
spring, clipped to the back of the valve proper. 




Fig. 85. Ingeraoll Roglcr Valve seat, cap, and springs disassembled. 

The results with these valves in regard to providing the area neces- 
sary for inlet and discharge with minimum suction on the bottom of the 
indicator card, and minimum excess pressure on its top line, are claimed 
to be equal, if not superior, to the best of the mechanically operated 
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valves. The clearance is small and the operation of the valves is 
noiseless. 



Fig. 86. Top and Bottom views of Ingeraoll Rt^er valve complele. 

These valves have one advantage also which I should hardly have 
believed if I had not seen the results myself. In vertical engines the 
inertia of the eccentric rods, rock-shafts, and other mechanism for 
actuating the air valves is sufficient to cause some vibration in almost 



all engines, and in those of the steeple type this has in many cases 
been excessive. In cases where these small automatic valves have been 
substituted for mechanically operated valves, the entire absence of any 
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moving parts except these light valves themselves, which only move a 
fraction of an inch, eliminates this vibration. 

I have seen engines running side by side, one vibrating almost dan- 
gerously and the other perfectly still. The manager who was then trying 
the valves out told me that the engine with the automatic valves had 
vibrated as violently as the other when it was positively operated. 



Fig. 88. Valve plate and spring of Fig. 89. Valve seat of " Meata " f Iver- 

" Meata " (Iveraon patent) auto- son patent) automatic plate valve. 

matic plale valve. 

It is probably too early in this new development to say what its 
ultimate results will be, but if the promise of the present is fulfilled 
we shall probably witness, in the next few yeare, the elimination of 
much complicated and expensive mechanism from our blowing engines. 

Methods of compounding. — The growth of the demand for econ- 
omy in blowing engines, previously described, obviously required the 
introduction of compounding, to which at first sight the long cross- 
head type of engine did not adapt itself well. 

The late John Frilz solved the problem by putting the high and low 
pressure cylinder of the compound side by side over the shaft in the posi- 
tion previously occupied by the single cylinder, and connected both piston 
rods to the long cross head, the position and parallelism of this being 
rigidly controlled by the connecting rods at its outer ends, by which the 
continually varying differences in pressures in the two cylinders were 
absorbed, apparently without injurious racking stresses on the engine. 

A single air cylinder was used, as with the simple type of engine, its 
piston rod being connected to the center of the long cross head as 
before. 

This type of engine, however, never received general favor, and, 
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consequently, other types were developed which adapted themselves 
to compounding. The principal types are the horizontal cross-com- 
pound with tandem air cylinders, the vertical cross-compound with 
tandem air cylinders, known as the steeple type, the cross-compound 
horizontal vertical engine having horizontal steam cylinders working on 
two cranks at right angles, with the air cylinders vertically over these 
cranks and driven by them, the quarter crank vertical engine with 
steam and air sides entirely separated except for the crank shaft which 
connects them, and the disconnected compounds. 



Fig- 90. Air heads equipped with "Mesta" automatic plate valves 

(Ivereon patent). 

Before we can discuss these difterent types of engines intelligently 
the subjects of the inertia of the reciprocating parts and engine friction 
must be briefly treated. The subject, as applied to the steam engine, 
will be found in any good treatise on that subject, but the power-gen- 
erating steam engine is very different from any type of blowing engine 
in which the air and steam pistons are connected to the same rod, for 
the reason that in the power engine all work generated in the cylinder 
has to pass through moving parts, the cross-head pin, crank pin and 
main bearing, into the crank shaft, from which the useful effect is 
dehvcred. In the blowing engine on the other hand, where the steam 
and air pistons are rigidly connected to the same rods, the energy gen- 
erated in the steam cylinder is transmitted only through a rigid member 
directly into the air cylinder, except, as has been pointed out, that 
most of the work is generated in the steam cylinder in the early part 
of its stroke, and the principal utilization in the air cylinders occurs in 
the latter part of the .stroke. 
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It is obvious that the excess above that immediately utilized in the 
air cyhnder must be stored either in the fly-wheel or in the reciprocat- 
ing parts and given out again to make good the deficiency in the latter 
part of the stroke. The transmission of these excesses and deficiencies 
through running parts affects seriously the friction of the engine, which 
is important not only on account of the power so lost, but because the 
power lost represents destructive energy appUed to the moving parts 
of the engine itself, and for economy of maintenance, even if not for 
economy of power, this should be kept as low as possible. 

It is probably true to say that the friction of a well-built recipro- 
cating steam engine is about 10 per cent, of its indicated horse-power 
at its rated load, while when running idle, but up to speed, the friction 
is about one-half of this, that is, about 5 per cent, of its rated power. 

It is obvious, therefore, that if we can take part of the energy 
developed in the steam cyhnder and apply it directly without its hav- 
ing to pass through the running parts to the fly-wheel, we shall make a 
considerable saving in friction, and, consequently, in wear. 

Inertia of reciprocating parts, — This is not the place for an extended 
discussion of the subject of the inertia of the reciprocating parts, which 
is a mathematical problem of no mean order if it be handled com- 
pletely and accurately. For our purpose, it is sufficient to say that 
the inertia of the reciprocating parts at the end of their stroke exert 
a force equal to the centrifugal force of an equal weight hung on the 
crank pin, and in the same direction, that is, outward from the center of 
the crank shaft. Starting at this value at the beginning of the stroke, 
the inertia diminishes in the same proportion as the distance of the 
piston from the center of its stroke, at which point the inertia becomes 
zero. Then, as the piston approaches the other end of the stroke 
the inertia efifect rises from zero to an equal amount in the opposite 
direction. 

It is obvious that this inertia always acts outwardly from the crank 
shaft; that is to say, at the head end of the stroke it acts toward the 
head of the cylinder, and at the crank end of the stroke it acts toward 
the crank end of the cylinder. The fact that this force increases from 
zero at the center to a maximum at the ends, and then decreases down 
to the center again on a straight line diagram, should be emphasized 
because it is often supposed by those who have not studied the subject 
that this force is exerted only at the end of the stroke. Nothing could 
be further from the truth. 

The statement of the exact proportionality of this force to the dis- 
tance from the center of the stroke is exactly true only when the con- 
necting rod is of infinite length, or when the slotted cross-head or Scotch 
yoke is used, which, of course, is never done with blowing engines. 
With connecting rods of finite length the inertia effect is greater at the 
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head end and less at the crank end than the amount stated, by that 
fraction which expresses the ratio of the crank-throw to the connecting- 
rod length. This, while a matter of some importance to designers, is 
not of sufficient importance for our purpose to necessitate its being 
taken into account, as the assumption of the straight Une diagram for 
the inertia effect is sufficiently accurate for our purposes. 

It will be obvious from what has been said that this inertia effect 
tends to absorb energy from the steam cyUnder in the early part of 
the stroke, when energy is required to accelerate these moving parts, 
and to give it out again in the latter part of the stroke, when these 
parts are being retarded by the movement of the crank. This means 
that the reciprocating parts are taking up energy at a time when the 
steam cylinder has it to spare, and giving it out at a time when the air 
cyUnder needs it. 

In order to investigate this effect quantitatively in relation to the 
air and steam pressures, it is necessary to determine the total inertia 
effect and then consider it as distributed over the air piston as if it 
were a force of so many pounds to the square inch. Similarly, we can 
reduce the pressure of the steam cyUnder in the ratio of its area to 
that of the air cylinder, and so put all three of these forces on the basis 
of a common imit, of pounds per square inch of air-cylinder area. 

Through the kindness of the William Todd Co., of Youngstown, I 
have obtained sets of indicator cards from the air and steam cylinders 
of steam-blowing engines, and also similar cards from a gas-blowing 
engine. They have also given me the rated speeds of these engines 
and the weights of the reciprocating parts, as well as the diameter of 
the various cylinders and the strokes. 

These diagrams for a horizontal cross compound blowing engine 
with forty-eight-inch high-pressure cylinder, ninety-inch low pressure, 
ninety-six-inch air cylinders and sixty-inch stroke in common are 
those shown in Figs. 73, 74, 75, and 76. 

These cards were taken to represent approximately simultaneous 
conditions in all the cylinders. The rated speed of this engine is 
forty revolutions, the weight of the reciprocating parts on each side is 
approximately sixty thousand five hundred pounds. 

From these I have laid out what may be called the resultant dia- 
grams of all three forces, that in the steam cyhnders, that in the air 
cylinder, and that of the inertia — all reduced to pounds per square 
inch of air-cylinder area, which are shown in Figs. 91, 92, 93, 94. 

There are obviously four sets of such resultant diagrams for such 
an engine, one representing one stroke in each direction and on each 
side, but as all of these are more or less similar one will be sufficient 
to show the principle involved. 

We first have to combine the diagrams as taken which represent the 
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conditions throughout the cycle of one revolution in each end of each 
cylinder and combine them into **net pressure'' diagrams for the steam 
and for the air cyUnders by deducting from the pressure in one direc- 
tion, the simultaneous pressure in the opposite end of the cyUnder 
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Fig. 91 



Fig. 92 



Fig. 93 



Fig. 94 



Figs. 91-94. Diagrams, of steam, air, and inertia combined. 

in the opposite direction, this subtraction being made in the algebraic 
sense. These two net pressure diagrams are shown in Fig. 91, the 
pressures of the air diagram being in the opposite direction to those of 
the steam diagram. Ordinates below the line represent pressure in 
the opposite direction to that represented by ordinates above the Une. 
We can obviously combine these two diagrams into one by sub- 
tracting the ordinates of one from those of the other in the algebraic 
sense. The result of this operation is shown in Fig. 92, which shows 
that the pressure is entirely in one direction during one-half of the 
stroke, and suddenly changes to the other near the middle of the 
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stroke. On this diagram is shown, as a solid straight line passing 
through the center, the value of the inertia per square inch of air- 
cyUnder area, for forty revolutions, and in dotted Unes that- for fifty-five 
revolutions. 

Remembering that ordinates of the inertia diagram above the zero 
line on the left-hand side of the diagram mean energy absorbed, and 
those below the Une on the right-hand side of the diagram mean energy 
given out, we can obviously deduct these ordinates from the net-pres- 
sure ordinates of the combined diagram for air and steam, and the 
result will be the final net pressure transmitted to the crank pin. The 
result of this subtraction is shown in Fig. 93 for forty revolutions, 
while Fig. 94 shows the result which would be obtained on a similar 
basis if this engine were run at fifty-five revolutions instead of forty. 

It will be obvious at a glance that the energy represented by the 
triangular area of the inertia diagram has been subtracted from the 
energy imparted to the fly-wheel in one part of the stroke and sub- 
tracted from that given out from the fly-wheel in another part of the 
stroke, the result being that the energy transmitted through the run- 
ning parts at forty revolutions is only about one-half of that repre- 
sented by the total work done, and would become an almost insignificant 
amount at fifty-five revolutions. 

It may be thought that these considerations are too theoretical to 
be of practical importance, but I have seen large blowing engines in 
poor condition which would make a noise almost like steam hammers 
when running at a low rate of speed, but which would quiet down when 
the speed was increased until at a speed as high as the valve gear would 
stand they would run silently and well. Moreover, the Southwark Com- 
pany has designed blowing engines on this principle for many years 
which have run as successfully as those of any other maker, and more 
successfully than those of some builders, who use much lower speeds 
because they are afraid of the higher ones. 

The Nordberg Manufacturing Company also has built blowing 
engines, some of them to the specifications of the writer, which were 
designed on this principle. They had a relatively short stroke, and ran 
at a high rotative speed, and so obtained the displacement of a much 
larger engine at a lower speed. These engines were properly propor- 
tioned as to the inertia stresses and ran with the most perfect smooth- 
ness and absence of all pounding and noise at high speeds, seventy-five 
and eighty revolutions, as well as at lower ones. These facts have a 
most important bearing upon the design of blowing engine to be 
preferred. 

The discoanected compound. — The problem of compounding blow- 
ing engines has been solved in the case of several of the types of engines 
above described, by building two separate units, one driven by the 
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high-pressure steam cylinder, the other driven by the low, these units 
being connected only by the steam receiver. These engines are thus 
enabled to run as compounds and enjoy the benefit of that system, 
and at the same time retain the flexibility due to small units, because 
each engine can be run separately. The high-pressure engine has two 
dispositions for its exhaust, one to the receiver and the other direct to 
the condenser, or atmosphere. Then, if the low-pressure engine is not 
needed, or needs repairs, it may be shut down and the high-pressure 
then exhausts direct. Similarly, the low-pressure unit has a double 
source of steam supply, one the receiver steam from the high pressure, 
the other, Uve steam throttled through a reducing-valve, so that this 
engine can be run entirely independent of whether the high-pressure 
unit is in operation or not. 

This type of compounding has been applied to the horizontal tan- 
dem, the quarter-crank vertical, to the horizontal tandem, and par- 
ticularly to the long cross-head types of engines. In fact, for several 
years the long cross-head type of engine regained at least in part its 
old preeminence through the introduction of this system. 

When this system is used one engine may be used on one furnace 
and the other on another, if desired. Where three cylinders are re- 
quired to blow a furnace, as is not infrequently the case, six of these 
units, constituting three complete compounds, blow two furnaces, one 
complete unit on each furnace, the high-pressure of the remaining 
unit on one furnace and the low on the other. The arrangement of 
the valves is such that if one furnace is to be shut down, or if the 
blast be taken oflf for even a short time, the exhaust valves on the high 
pressure can be operated simultaneously, the receiver exhaust being 
closed while the direct exhaust is opened; the steam valves on the low 
pressure can be similarly operated so that either half of the unit may 
be kept going on its furnace irrespective of what the other unit is 
required to do. The governor operates on the high-pressure cylinder 
only and the cut-oflf of the low-pressure unit is regulated by hand to 
bring its speed the same as that of the high pressure. This adjustment 
will hold for a considerable variation of pressure without very much 
variation from the desired speed on the part of the low-pressure unit, 
♦when both are on one furnace, and, consequently, blowing against the 
same pressure, but when the two units are used on different furnaces 
whose pressures vary in different ways, the conditions are not so simple 
and more frequent adjustment of the cut-oflf on the low-pressure unit 
is required. 

The writer designed several years ago a means whereby these 
engines could be made to run at the same speed irrespective of the 
conditions under which they operated, but the manufacturers took no 
interest in introducing the device, and nothing was ever done with it. 
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Review of different types of engines. — We may now review these 
different types of engines in the light of the general conditions set 
forth above, and pass on their desirable and undesirable characteristic. 

The vertical quarter-crank engine. — This engine, shown in Fig. 95, 
is built in practically the same design by several of the best builders. 



Kg. 95. Vertical quarter crank blowing engine, 42-in. steam, 84 air x 60 stroke. 

and is not, as far as I know, recommended particularly by any of. 
them. I shall not, therefore, do any injustice to any of these builders 
when I say that in my judgment this is the poorest type of blowing 
engine in regular use to-day. A certain measure of accessibihty is 
obtained by the fact that it has no tandem cylinders, but it requires a 
considerable amount of space, a much larger foundation than a long 
cross-head engine of the same capacity, and an equal if not greater 
height, while its running parts are very inaccessible for handling with a 
crane. 
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The principal objection, to it, however, is that it has two complete 
sets of rutitiing gear with their high first cost and maintenaoce, 
and that all the energy developed in the steam cylinder has to be 
transmitted through running parts into the crank-shaft and then from 
the crank-shaft through another set of running parts into the air 
cylinder. Taking the mechanical efficiency of a standard steam 
engine at 90 per cent, and the mechanical efficiency of a crank- 
driven compressor at the same, we have an efficiency for this 
engine of 81 per cent, as against 91 to 93 per cent, that may be 
and is secured in regular practice with the tandem-connected machine. 



Fig. 96. Horizontal- vertical cross-compound, 52 in. and 90 in. 
steam, 90 in. and 90 in. air x 60 stroke blowing engine the 
Wm. Tod Co, 

It is well to remember that this 19 per cent, of friction loss as against 
8 per cent, in the other case, represents not only a loss of power but 
an expenditure of energy for destructive purposes which must reappear 
in the form of wear of two sets of heavily stressed running gear instead 
of one set lightly stressed. 

This can, in my judgment, mean in the long run only one thing, 
high maintenance and repair cost, which, coupled to the high first 
cost of this type of engine with the consequent high fixed charges, all 
tend to make this an undesirable type from the technical, operating and 
financial points of view. 

The korizontal-verlical. — The horizontal-vertical, shown in Fig. 96, 
presents almost the same conditions, though these are offset by the 
fact that the running balance of these engines, if properly made, is 
excellent, and therefore their steadiness on their foundations very great. 
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On the other hand, the horizontal-vertical requires as much height 
and much greater foundation than the quarter-crank vertical. 

Many years ago the late P. L. Weimer, realizing that the energy 
of the steam was mainly developed in the early part of the stroke, and 
absorbed by the air mainly in the latter part of its stroke, built what 
are now known as horizontal-vertical engines, with horizontal steam 
cylinders and vertical air cylinders, both working on the same crank 
pin. With this arrangement the earlier part of the steam stroke obvi- 
ously takes place during the latter part of the air stroke and vice 
versa. Consequently, a certain equalization of the work absorbed and 
expended from instant to instant is made, which justified in part the 
use of this type when speeds were low and inertia effects negligible. 

In later years these engines have been built by other builders in 
very large sizes, and are favorably considered by some operator, 
although the inertia effect with moderate speeds makes this design 
wholly unnecessary. In these engines, also, it is obvious that the total 
work generated in the steam cylinder must be transmitted to the crank 
pin with a friction loss of some 10 per cent, and then transmitted back 
from the crank pin through another set of running parts to the air 
cylinder. It is reasonable to assume that here also there is a loss in 
friction of 10 per cent., making the mechanical efficiency of this engine 
also, as a whole, only about 81 per cent. 

I have unfortunately no figures giving the mechanical efficiency of 
these engines in service, but there is no reason to expect that it is 
much higher than the figure given. On the other hand, with the direct- 
connected steam and air pistons of the horizontal tandem and a proper 
proportioning of the cylinder diameters, speed, etc., it is obvious that 
only about 20 or 25 per cent, of the total energy need be transmitted 
through the running parts, and that the friction of the engine accord- 
ingly should be only 6 or 7 per cent, instead of 19, as in the other case. 

In confirmation of this, which may seem an extreme statement, 
tests have been made on Nordberg compressors designed to make use 
of this principle, which had a mechanical efficiency of 95 per cent, at 
full load. 

There is, however, one feature of the horizontal-vertical engine 
which deserves attention. It is evident from what we have said above 
that the inertia of the reciprocating parts can be utilized to reduce the 
stresses in the running parts very greatly. Nevertheless the inertia 
stresses due to these heavy parts which move at high velocities alter- 
nately in opposite directions, exist in the machine as a whole and tend 
to shift it back and forth on its foundation in the case of the horizontal 
engine without counterweight, or to pull the crank shaft up and down 
with an equal force if full counterweight be used, these conditions 
being reversed in the case of the vertical engine. But when two sets 
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of reciprocating parts at right angles work on the same crank, the 
inertia effect of one set is horizontal and that of the other is vertical, 
these components combine into a single constant stress in a direction 
exactly opposite to that of the crank, so that by counterweighting com- 
pletely one set of the reciprocating parts, the horizontal-vertical engine 
runs in almost perfect balance. 

Where foundations are bad and engines must be set upon piles 
driven through mud to the bedrock, these considerations are of much 
importance, and this type of engine is the best adapted of any to pre- 
vent serious shaking of the engine and its foundation or even the whole 
surrounding country for a distance of many hundred feet, as has hap- 
pened at one large plant where the horizontal blowing engines were 
supported on piles. 

The long cross-head type. — This engine requires small foundation 
and small space for a unit of given size, the vertical height required 
being about the same as that of any other type of engine with recipro- 
cating parts in the vertical plane except the vertical tandem, or steeple 
type, which is much higher. The stresses in these engines are, of 
course, transmitted with great directness from one piston to the other, 
and through rigid parts, but there is a prejudice on the part of some 
engine builders against running these engines at a speed which would 
bring the inertia effect of their reciprocating parts up to the best point 
for smooth running and low wear. The exact reason for this disinclina- 
tion I have never been able to discover, and it is only fair to state that 
it does not hold with all builders, some of whom build engines of this 
type to run up to seventy or seventy-five revolutions. 

There is no doubt that when run at proper speeds and when built 
sufficiently strong to withstand Vibration, this is a useful, reasonably 
inexpensive and satisfactory type of engine, capable of giving reliable 
service for long periods at a stretch, such as is needed in blast- 
furnace work. 

It is, of course, open to the objection which exists with all vertical 
engines, that supervision, inspection and repairs are much more diffi- 
cult and expensive than they are with horizontal engines. 

The steeple type or vertical tandem cross-compound, — A design of 
this type of engine built by the Southwark Machine Company is shown 
in Fig. 97, while nearly all of the prominent builders build this type of 
engine on demand; the design of valve gear, etc., being different with 
the different builders, but the general type of construction being the 
same. 

The great objection to this type of engine is its great height with 
the consequent difficulty of securing adequate inspection and care, and 
its liability to vibration owing to its height and the elasticity of its 
small base. It will be seen in the illustration that there are four plat- 



146 BLAST-FURNACE CONSTRUCTION 

forms above the main floor, ail of which must be frequently visited 
for adequate inspection and care of the engine. 

It is not to be denied either that these engines are exceedingly 
difficult of repair. Even where a crane is available, as it should always 



Fig. 67. Southwsfk steeple blowing engine-quarler crank compound. 

be in a modern blowing-engine house, there are many parts which it ia 
impossible to reach with the crane without great difficulty, so that this 
virtually involves partly dismounting the engine for certain repairs. 
With the limited room available for this work on the platforms it can 
only be done at a disadvantage, and as a consequence repairs on en- 
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ginea of this type are more difficult, slower, and more expensive than 
they are on a horizontal engine of the same size. 

In regard to speed, the engine stands on a relatively small founda- 
tion and with its great height excessive vibration is likely to be set up 
even at very moderate speeds, and this type of engine therefore cannot 
in general obtain those advantages of high speed which are available 
to some other types, with consequent loss of efficiency from not having 
the most desirable resultant diagram of steam, air, and inertia pressures. 

The k(rrizontal cross-compound with tandem air Cylinders. — This type 
of engine, shown by Figs. 98 and 100, is open to the disadvantage 



Fig. 98. Large horizontal crosa-compoiind blowing engine. The 
Wm. Tod Co., YoungsUiwn. Ohio. 

that it requires the largest and most expensive foundation of any 
ateara-blowing engine, and that it requires also a great area of building 
and ground, leading to high cost on this account, but the building 
cost as a whole is not so excessive as might be expected because of 
the very moderate height required with this engine, so that only a 
relatively low building is needed for its accommodation. 

Its great foundation also acts as a huge anvil to absorb inertia 
stresses and unbalanced centrifugal effects of counterbalance. This 
tends to cut down to a minimum the possible vibration of the unit as 
a whole. 

Owing to these considerations the engine is capable of being run 
at the speed best adapted to produce the highest economy, and this 
higher speed of unit permissible as compared with most other types of 
engines goes far to offset any disadvantages in total first cost under 
which a unit of this type of a given size labors, as compared with that 
of some other types. The whole of the engine is down on or near the 
ground level, and I beheve that operators who have had experience 
will bear me out in saying that one attendant will look after two 
engines of this type more effectively than two attendants can after 
one of the steeple type of the same size. 

This engine has, of course, the desirable feature of transmitting the 
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stress from one cylinder to another through rigid members and not 
through moving joints, and in consequence it is capable of reaUzing 
the benefits of this system to the maximum. 

Through the kindness of Mr. E. T. Child, of the Southwark Ma- 
chine Company, I am able to reproduce in Fig. 101 a set of steam and 
air cards, one of a large number of sets taken by him personally from 
an engine of this type, running at a proper speed, in which the effi- 
ciency for the average of the whole set was about 91 or 92 per cent. 
This was in actual operation, no particular attempt being made to 
obtain a record, and I have no doubt that other well-designed engines 
of this type would do as well, if run at the proper speed. 

The tail slide. — One of the essential features in the design of the 
modern horizontal cross-compounds is the means for relieving the bot- 
tom of the cyhnders of the drag of the heavy pistons necessary in large 
units. This is accomplished by putting a cross-head and sUde at each 
end of each of these large cyhnders and making the piston rods strong 
enough to carry the pistons clear of the cyhnder, so that nothing but 
the packing ring touches the wall of the cylinder. 

In some cases the piston rods are made of high-grade steel and cam- 
bered upward before use to the amount by which the weight of the 
piston will deflect them so that they are perfectly straight in service. 

Mr. Nordberg has gone still further and uses a hollow cast-iron 
trunk of large diameter whose only function is to carry the weight 
of the piston and take compression stresses, the tension stresses all 
being taken by a much smaller steel rod through the center. 

This design not only frees the engine from a very heavy friction 
load, but also relieves the cyhnders from wear and puts them on a 
parity in that respect with vertical cyhnders. 

The inside-crank engine. — The inside-crank type of engine is shown 
in Fig. 99. The crank-shaft lies between the two cylinders and the 
piston rod instead of passing directly from one cyhnder to the other; 
is divided into two parallel rods symmetrically placed with reference 
to the axis of the cylinders, and in a plane about 45 deg. from the 
horizontal. 

These two parallel rods take hold of suitable projections which are 
provided on the cross-heads for each cylinder. 

This arrangement makes an uninterrupted open space in the axis 
of the engine and between the two cyhnders; the connecting rod and 
crank work in this space. 

The type shown is built as a cross-compound steam engine and this 
type of construction is also much used in gas engines. It has many of 
the advantages of the horizontal tandem engines, but on account of the 
stretcher rods from one cross-head to the other the simphcity and 
accessibility of the running gear are not so great as in the straight tan- 
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(lem type, and I have never known what advantages this engine pos- 
sessed to offset these disadvantages unless it be the accessibility of the 
cylinders due to the elimination of the tandem arrangement. It is a 
type of engine approved by engine builders very generally, and is rec- 
ommended by them for high speeds. 
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Fii;. 101. Southwark steam and air cards showing a mechanical 

efficiency 92 per cent. 



Steam valves and their settings. — The conditions as to the steam 
valves for blowing engines are no different from what they are in any 
other type under similar conditions of size, speed, and economy desired. 
It is therefore obviously unnecessary and undesirable to go into an 
extensive discussion of this subject here. 

In American practice the Corliss valve has won its way to almost 
exclusive use in high-grade steam engines. The poppet valves, which 
have given magnificent results in Europe, have never become popular 
in this country in spite of the economical results which have been 
obtained with them. It is probable that the conditions of operation 
are somewhat more exacting with that type of valve on account of its 
coming against a rigid seat, than they are with the Corliss valve with its 
rotating motion and absence of sudden stops. At all events the result 
is as stated, that the Corliss valve gear is preeminent in all the modern 
blowing engines in service and being built in America at this time. 

The original Corliss valve gear was the subject to the disadvantage 
that if the cut-off did not occur at a point somewhat before half stroke 
it did not occur at all, and steam followed full stroke with utter 
destruction of economy and terrific stresses on the engine. 

With engines on constant mill loads, and particularly before the 
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introduction of the compound which divided the expansion between 
two cylinders and greatly retarded the point of cut-off in each, this 
was generally not objectionable, but with the relatively late cut-off 
necessary for the compound engine, the variable loads to be met, and 
variations in the steam pressures owing to irregular conditions, so 
limited a cut-off was not satisfactory for blowing engines, so that for 
several years makers have been adding an eccentric which enables 
cut-off to take place under the control of the governor at any point 
up to about eight-tenths stroke in the high-pressure cylinder, and this 
constitutes a great advantage under operating conditions, so much so 
that no engine should be installed for furnace work without it. 

Theoretically the low-pressure cyhndcr does not need the long range 
cut-off so much, but practically the necessity of operating even though 
steam pressure be down, and the low-pressure cylinder doing most of 
the work, makes it very desirable to have this gear on the low-pressure 
cylinder also, and personally I should not recommend any fumaceman 
to buy a blowing engine not so equipped. 

This feature is also of great advantage in starting an engine up 
from any position in which it may stop, without barring it over, and 
in a heavy engine this is a convenience well worthy of the expense. 

The resultant diagrams. Figs. 91, 92, 93 and 94, indicate certain 
features as to the stresses in engines which are worthy of attention. 
It is proper to say that engineers are by no means unanimous on some 
of these points, and for that reason the views which I shall express are 
simply my own and are undoubtedly not in accordance with those of 
some others well qualified to pass on the subject. 

There will be seen at the left of Fig. 91 a sharp point extending 
about 20 lb. per sq. in. below the line of zero pressure at the beginning 
of the stroke, which runs down to nothing at about 5 per cent, of the 
stroke. This pressure comes from the re-expansion of the air left in 
the clearance space of the air cylinder, and, of course, is in the same 
direction as the pressure of the steam in the steam cylinder at that 
time. As soon as the pistons have moved a short distance this air 
re-expands down to atmospheric pressure, and thereafter the rising 
pressure in the other end of the air cylinder is increasingly opposed to 
the steam pressure. It will be seen that if the steam reached full pres- 
sure in the steam cylinder at the moment the stroke started, as is 
customary and proper in power-engine practice, there would be prac- 
tically double pressure on all the reciprocating parts and on the engine 
frame at this point, at which the velocity of the piston for a given 
amount of crank travel is very slow, so that this excessive pressure 
would come at a time to produce the least useful and the most fric- 
tional effect. 

Inspection of the diagram, Fig. 73, will show that the engine builder 
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has prevented this in part by delaying the admission of live steam so 
that it does not reach full pressure until after the piston has moved an 
appreciable distance, by which time the pressure of air in the clearance 
space is considerably diminished by re-expansion. For this reason the 
combined net pressure diagram of air and steam cylinders (Figs. 92 
and 93) instead of showing a sharp " spike'* on the left-hand end of the 
diagram, as it would if steam were admitted to full pressure at the 
beginning of the stroke, shows only a considerable "hump." The 
practice in the case of the low-pressure diagram of the same set (Fig. 
75) is even better in this resp)ect, for it will be seen that in this case 
the piston has traveled the whole distance necessary to permit com- 
plete re-expanfeion of the air before steam reaches full receiver pres- 
sure in the cyUnder, and if a combined diagram were made for these 
cylinders the hump at the left, shown in Figs. 93, 94 and 95, would 
not appear. 

Following through this same idea these builders eUminate any com- 
pression whatever, both in the high-pressure and low-pressure cylin- 
ders. In fact, there is nothing in either diagram to show that the 
steam first admitted at the beginning of the stroke may not blow 
through into the exhaust. It is not possible to say from the indicator 
diagram that it does so, and the care and good judgment of the build- 
ers make it unlikely, at the same time so considerable an economy of 
steam may be effected by very Uttle compression, and with such a slight 
increase in pressure, that I consider a small amount of compression 
desirable both for the steam it saves and to make it absolutely certain 
that live steam does n(9t blow through into the exhaust at the begin- 
ning of the stroke. 

It will be noted that in this diagram (Fig. 75) and also to a less 
extent in Fig. 73, the exhaust of the steam is extremely slow. The 
exhaust valve does not open at all until the end of the stroke is reached, 
and the steam consequently has little time to leave the cylinder while 
the engine is turning the center. The result is the sharp "toe** at the 
exhaust end of the diagram, which in my judgment should come down 
as shown in dotted lines, very materially increasing the area of the 
diagram without any ill effect. 

Turning now to the Southwark engine cards shown in Fig. 101 we 
see practiced the exact opposite of that of the Tod Company in these 
particulars. The compression pressure rises to nearly half the receiver 
pressure and admission is so early that full receiver pressure is reached 
at the very beginning of the stroke. 

On the other hand, the exhaust is early, so that full vacuum is 
reached almost at the very beginning of the exhaust stroke, as it 
should. 

If combined net pressure diagrams were made of this set of air 
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and steam cards there would be found a ** spike'' of pressure at the 
beginning of each stroke which would just about double the total pres- 
sure on all the running gear and the engine frame for a brief instant of 
time at which it could deliver no useful work, owing to the low angle 
of the crank at that position, but in which it could greatly stress all 
the running gear and the frame of the engine itself and produce excess- 
ive wear if not an absolute hammering down of the brasses. Cases 
are on record in which certain engines of the walking-beam type broke 
their frames or pedestal caps repeatedly as long as the steam valves 
were set to give **lead"; that is, to give full pressure of steam at the 
beginning of the stroke, but which quieted down and ran without 
further diflSculty when admission was delayed to compensate for the 
re-expansion in the air cyUnders. 




Fig. 102. Steam cards taken from Mesta long cross-head 

blowing engine. 

It will be seen, therefore, that the practice of the WilUam Tod 
Company and of the South wark Company is at the two opposite ex- 
tremes in this respect. The Tod Company uses no compression and 
delayed admission, the Southwark uses heavy compression and early 
admission. 

I am able, through the kindness of the Mesta Machine Company 
of Pittsburgh, to present a pair of cards taken from one of their long 
cross-head blowing engines which seems to me to embrace the best 
practice in both respects. There is enough compression to reduce the 
total steam consumption appreciably, as can be judged by noting the 
percentage of the stroke still remaining to be made when compression 
begins; and then delays the admission sufficiently to allow full time for 
the re-expansion of the air in the clearance space. 

In my judgment these cards are illustrative of the practice which 
should be followed by every blowing-engine operator in setting the 
valves on his blowing engine. It will be noticed that the early closing 
of the exhaust valve has its complement in the suflSciently early open- 
ing of these valves to prevent any loss of area by failure of the steam 
to exhaust promptly. 

In general it may be said that the blowing engine should be indi- 
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cated at intervals of a few months to prevent or correct the multifari- 
ous misadjustments which can arise from many causes, many of which 
lead to waste of steam and others to excessive stresses similar to those 
I have described and worse. 

At plants where economy of steam is not a prime consideration the 
hideousness of the steam practice which may prevail without preventing 
the operation of the plant is beyond belief by those who have not seen 
it. There is probably no field about the plant where so small an invest- 
ment of time and trouble will pay so great a return in steam economy 
and repair expenses avoided. 

The Turbo blower. — Within the last ten years the general intro- 
duction of the steam turbine and the high eflSciency to which it has 
attained have brought about a great development in centrifugal machin- 
ery. It was formerly supposed that centrifugal fans were of no value 
for pressures above 1 lb. per square inch, and they were seldom or 
never compounded by putting two fans in series so as to increase the 
pressure they could attain. Instead, if a pressure of more than a few 
ounces was desired, the tendency was to pass to the use of the positive 
pressure blower. 

The French engineer Rateau deserves the credit for working out 
into practical shape the use of the series fan capable of blowing pres- 
sures suitable for blast-furnaces. He introduced several of these ma- 
chines in Europe about ten years ago. 

Blast pressures in Europe are commonly not so high as those in 
this country, so these blowers were not suitable for American condi- 
tions. Moreover, it has been found to be universally the case that 
when a prime mover was introduced from Europe into America it had 
to be redesigned to meet American ideas and American conditions. 
This has been the case with the turbo blower. The first of these 
machines in this country was built by the General Electric (^ompany 
for the Oxford furnace of the Empire Iron & Steel Company, and was 
started in 1910. A twin machine was started a few months later at 
the furnace of the Northern Iron Company at Port Henry, N. Y. Prob- 
ably the largest single installation of these machines to date is that of 
the Iroquois Iron Company at Chicago, where the sole blowing power 
for two furnaces consists of three turbos with a capacity of 40,000 
cu, ft. per minute each to a pressure of 30 lb. 

More recently the Southwark Foundry & Machine Company has 
introduced the Rateau style of turbine into this country, and has 
already built several of them. 

The Westinghouse Machine Company has as yet built no multistage 
turbine, but has built some single-stage machines for a pressure of 5 to 
7 lb., these not being used in the iron industry, but under similar 
conditions in other industries. 
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The theory of the turbo blower is extremely simple. Air is ad- 
mitted around the shaft, caught by the rapidly revolving vanes, or 
blades, of the fan, and has imparted to it a high velocity. This 
velocity is transformed into pressure, and the method by which this 
may best be done is a subject of some dispute among the designers of 
this class of machinery. The pressure obtainable in any one stage is 
limited by the speed which may be attained by the fan, and this is 
virtually the speed at which it is safe against the influence of centrif- 
ugal force. 



Fig. 103. Southwwk Rateau turiw blowir. 

The discharge from one fan is led around through an annular 
port in the casing to the center of the next, which increases its pressure 
by a similar amount, and then to a third, and so on. 

The number of stages to be used is not definitely settled. The 
Rateau blowers use eight, the first General Electric blower used six, 
but in the more recent types of construction the latter company have 
diminished the number of fans in series to three by increasing the 
speed. 

The pressure increases more rapidly in the later stages than in 
the earlier ones because the density is increased by the increasing 
pressure. 

The work put upon the air in compressing it heats it exactly as it 
■ does in a piston-blowing engine, but to a greater extent because the 
efficiency of the operation is lower with greater losses of energy in eddy 
currents, etc., which are eventually converted back into heat. The 
casings are therefore cored out hollow and cooled by water circulation 
to keep down the temperature of the air. 

The SotUhvmrk turbo blower. — The internal construction of the 
Rateau machine as built by the Southwark Company is shown in Fig. 
103. The U-flhaped discharge passages by which the air discharged 
from one fan is delivered into the central aperture of the next are 
clearly shown. In this turbine there are fans or impellers in two 
groups of four each, the inlet of the first group being next to the cen- 
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tral bearing between the two sets. The air then progresses to the 
left and is dischai^ed into a receiver pipe which carries it over into 
the inlet of the second group next to the inside bearing, and it then 
progresses outwardly through this group to the dischai^e at its right- 
hand end. In this way the end thrusts against the two sets of im- 
pellers are balanced aRainat one another so as to throw as httle work 
as possible on the thrust bearing. 



Fig. 104. Steam end govemiog apparatus and thrust bearing 
adjustment, Rateau turbo blower. 

The turbine which drives the blower is shown in half-section at 
the extreme left. The shafts for the turbine and for the two sections 
of the blower are all separate, and coupled together by flange couplings 
to permit an absolute ahgnment of each shaft in its own bearings. The 
shaft is located endwise by a thrust bearing at the left-hand end of 
the turbine ahofrn in Fig. 104. This thrust bearing is capable of being 
moved and can be adjusted by a hand-wheel and screw to secure 
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proper clearance in operation. The general arrangement of this 
machine is well shown by Figs. 105 and 106. 

The details of the design of the impeller, casings, etc., are highly 
technical matters in which mathematical theory and elaborate experi- 



Fig, 105, Southwark Rateau turbo blowers, 

mentation must go hand in hand to get the best results. To the 
great majority of users the only question of importance is how much 
steam is required to deliver a given quantity of blast at a certain pres- 



Fig. 106. Southwark Rateau turbo blower. 

Bure, and the details of the methods by which the guaranteed results 
are obtained is a matter of indifference to them and I make no attempt 
to treat of these matters, because it seems to me outside the field of 

the present work. 
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The turbo blower is of course entirely valveless, and it therefore 
escapes the troubles of valve design and operation which I have briefly 
described in connection with reciprocating engines. It is also entirely 
without anything comparable to the piston displacement of the recipro- 
cating blowing engine. That is, it has no metering effect, and its 
speed is accordingly no gage whatever of the quantity of wind it is deliv- 
ering under given conditions. It is the fiinction of a blower or centrif- 
ugal pumping apparatus of any kind to produce pressure and the 
flow which results is proportional to the difference maintained between 
the ^pressure at the discharge of the apparatus and the pressure in the 
vessel into which it discharges. If a reciprocating blowing engine, 
running at a certain speed, delivered the desired amount of air to a 
furnace at say 15 lb. pressure, and if the resistance of the stock in the 
blast furnace suddenly fell so as to let the pressure drop down to 
14 lb., it would make little or no difference in the quantity of wind 
delivered by the engine, but with the turbo blower it would make an 
enormous difference, because it would endeavor to maintain the same 
discharge pressure, and with the pressure difference between this and 
the resistance of the furnace increased by the drop in the latter, the 
flow would be greatly augmented. For this reason the turbo blower 
requires a governing device capable of controlling the quantity of air 
passing through it. 

In the Rateau system the well-known principle of the Venturi 
meter is used. In this an inlet pipe is provided which has a relatively 
small throat approached by a gradual taper and followed by an expand- 
ing taper to the normal diameter of the pipe. The difference in the 
velocity of the air at this throat and in the large area behind it, give 
rise to a difference in pressure at these points which depends upon the 
velocity of the flow, and by measuring the pressure with a differential 
gauge the flow can be accurately determined and controlled. The 
arrangement is shown diagrammatically by Fig. 107. The partial 
vacuum at the throat of the Venturi meter is maintained constant by 
means of a relay working on the steam governor of the turbine. If 
the flow increases the vacuum in the throat of the Venturi tube in- 
creases, and this acting through the relay cylinder operates on the 
steam valve of the turbine and reduces its speed, which in turn reduces 
the difference in pressure maintained by the blower, until the quantity 
of air flowing through it is reduced to the amount desired. A centrif- 
ugal governor is interconnected with the same system so as to close 
the steam valve entirely in case of excessive speed. 

The General Electric blower, — The principle of this blower is the 
same as that of the Rateau, but the number of impellers used is smaller, 
and the whole of the blower is built in one body, without the feature 
of balancing by having the flow from the two half sections of the 
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impeller in opposite directions. This produces a shorter and more 
compact machine. This blower is shown by Figs. 108, 109, 110, 111 
and 112, taken from a paper on the '* Turbo Blower" presented by 
Mr. Richard H. Rice, of the General Electric Company, before the 
American Institute of Mining Engineers, and pubUshed in their Bulletin 
for May, 1914. 
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Fig. 107. Method of controlling capacity of Rateau turbo blowers. 



The governing device of this machine is on a somwhat different 
principle from that of the Rateau; it is shown by Fig. 108. The 
inlet pipe ends in a large inverted cone in which a circular diaphragm 
is suspended from a scale beam overhead. It is obvious that the area 
of the annular space between the diaphragm and the walls of the cone 
will vary with the location vertically of the diaphragm, and that the 
flow of the incoming air up past this diaphragm will have a tendency 
varjring with the velocity of the air through the annular space, to Uft 
the latter diaphragm and the governing is done by this varying 
lift. Thus while a different mechanism is used, it produces about the 
same results as the Venturi tube. 

If the pressure required by the furnace increases so as to decrease 
the flow of air under the speed at which the turbine is running, the 
diaphragm promptly drops down, carrying with it the beam which 
operates on the steam valves, and though a relay this admits more 
steam and increases the speed of the turbine until the flow of air is 
restored to^he normal. In this turbine also a centrifugal governor is 
provided to prevent excessive increase in speed. 

The advantages of the turbo blower are its small size, its entire 
freedom from reciprocating parts, and consequent ability to dispense 
with any but a Ught foundation, the small number of moving parts. 
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there being in effect biU one, and its ability to dispense with lubricating 
oil both in the steam and air ends. Great advantages are claimed for 
it also in the absolute steadiness of the blast which it produces, and 
the freedom from pulsation which results from a continuous discharge. 
In the paper by Mr. Rice above mentioned he describes researches 
which prove the absence of vibrations from blast, compressed with the 
turbo blower, and their presence with reciprocating blowing engines. 
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Fig. 108. Constant volume governor for centrifugal compressors. 

but whether this absence may be translated into dollars and cents of 
advantages in operation is a matter concerning which no proof has as 
yet been offered and concerning which I confess to a considerable degree 
of skepticism. 

It is claimed without hesitation that these blowers on account of the 
steadiness of their action, etc., enable a furnace to produce less flue dust 
and to make iron with less fuel than can be done with any other type 
of blowing machinery, but no definite data on this subject have been 
offered to support this contention, which also seems to me doubtful. 

Fine points of this kind are always exceedingly difficult to prove in 
an operation of such magnitude as the blast-furnace, and the situa- 
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tion is complicated by the fact that the turbines have in the nature of 
things, in many places at least, replaced obsolete blowing engine in- 
stalled under bad conditions and therefore likely to be drawing steam 



Fig, 110. Centrifugal campressor rated Type 7" — 3 — 25,000 — 15/30 — 
3000/3800 driven by a 2000/3400 condensing Curtis sr«ain turbine, 

into their inlet and discharging it into the furnace along with the air, 
with consequent detriment to fuel economy. Moreover, these engines 
being old and uneconomical, and being presumably of the low-speed 
variety, they gave greater pulsation to the blast than more modern and 
high speed engines. It is therefore extremely doubtful whether the 



Fig. in. r— 3— 35, 000-15/30—2500/3250 F centrifugal com- 
pressor direct connected to 2900 H.P. Curtis steam turbine. 

mere fact that certain advantages are found where the turbo blower 
is used, which were not found before its introduction, is due solely to 
the type of blower introduced, or whether they would not have been 
obtained equally well with any other type of good modern blower. 
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Much is claimed also for the accuracy of calibration of the air- 
measuring apparatus of these machines, and in a paper by Mr. S. G. 
Valentine, read at the February, 1914, meeting of the American Insti- 
tute of Mining Engineers, and published in the Transactions for that 
year, he gives the results of his experience in the use of one of these 
blowers on a furnace which bear upon this point. Among other data 



Kg. 112. Three type 7 — 3 — 40,000—15/30 — 3500/3250 
R. P. M. air compressors driven by 2900/5200 H.P. Curtis 
steam turbines inatalled at Iroquois Iron Company, Chicago, 
lU., for blowing 500-toD blast furnaces. 

he states that only 41 cu. ft. of air were required to burn a pound of 
coke based on the calibration of the air-measuring apparatus of the 
turbo blower. We shall subsequently see that about 63 ft. are required 
theoretically for this purpose without any loss by leakage, not only in 
the engine but around the stoves, the tuyere and elsewhere, and if only 
41 ft. are used then one-third of all the fuel charged is being dissolved 
by direct deduction in the upper regions of the furnace and never 
reaches the tuyeres at all. 

This hypothesis does not agree with the relative low fuel consump- 
tion reported by Mr. Valentine of about 2150 lb. of coke on an ore 
mixture consisting largely of magnetite which required a large amount 
of heat in the hearth, and, in fact, Mr. Valentine admits that his 
figures, based on the analysis of the top gases and carbon burned, 
differ from the calibration figures of the turbo blower by about 10 
per cent. 

I have information concerning practice in which the solution loss 
is likely to be much higher than it is in Mr. Valentine's practice, and 
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in spite of this the actual quantity of wind per pound of coke figured 
from the analysis of the top gases and the actual coke burned at a 
number of furnaces for a long period of time was over 51 cu. ft., or 
more than 25 per cent, in excess of that shown by Mr. Valentine's 
figures. 

I have recently been advised by Prof. J. W. Richards, of Lehigh 
University, that he has gone over the data given by Mr. Valentine by 
two different methods and that both show clearly that the actual air 
delivered by this turbo blower must have been 15 per cent, greater than 
the calibration of the machine indicated, and making this correction 
it would seem that the correct displacement of the turbo only corre- 
sponds to about 3 per cent, more air delivered than the piston dis- 
placement of the antiquated engines it replaced. This is probably not 
altogether correct, but it does seem to be established by these data that 
the calibration of this turbo is decidedly incorrect and that any claims 
made for superior economy based on these results are a structure on 
a foundation of sand which will not fare well at the hands of discrimi- 
nating criticism. 

Considering the extremely elusive nature of air and the possibility 
of error in measurements of its velocity, due to the fact that this 
velocity at points quite close together may vary very widely, I am led 
to the conclusion that the calibration of these machines is not yet on 
a basis of such complete reliability as their manufacturers seem to 
believe. 

The subject as a whole is a new one, and the number of those who 
have had an opportunity to handle turbo blowers is very limited, the 
writer not being among the number. It is therefore not possible at 
this time to say the last word on this or many other details of this 
subject. 

The disadvantages of the turbo blower. — /. Pulsation of dis- 
charge. — Under certain conditions of operation at considerably less 
than the rated capacity of these machines, they are liable to a very 
disagreeable pulsation of the discharge, the theory of which I do not 
completely understand, though I believe it has been worked out mathe- 
matically. It seems to be due, however, to the fact that the volume 
is too small to maintain the delivery velocity necessary to overcome 
the pressure over the whole area of discharge, continuously, and the 
discharge therefore breaks and a backflow from the discharge pipe into 
the turbine casing takes place at short intervals, producing this pulsa- 
tion. It is claimed to be overcome in the later types of these engines 
by the introduction of a butterfly throttle valve in the inlet pipe above 
the diaphragm. 

//. Inefficiency. — The efficiency claimed for these machines by 
their builders under best conditions is 70 per cent., and of course this 
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falls off on both sides of the maximum along the characteristic curve 
of practically all centrifugal pumping machinery. 

The diagram factor of the air card from a well-designed blowing 
engine as a whole is about 95 per cent., and the mechanical efficiency 
of the engine as a whole, as I have previously stated, should be about 
92 per cent. By diagram factor is meant the ratio of the actual dia- 
gram produced by a given engine under a given discharge of pressure 
to the theoretical indicator card with an adiabatic compression for 
the same pressure. The product of these two is about 87J per cent., 
the difference between this and 70, or 25 per cent., is the handicap 
which the turbo blower must overcome to equal the performance of 
the reciprocating blowing engine. 

Turbines have been brought to a very high state of perfection, 
particularly in very large units, such as are used in electric generating 
stations. But a turbine of, say, 3000 h.p., with an efficiency of 70 per 
cent, in the blower end, which would deUver 2100 air-h.p., can certainly 
not do 25 per cent, better in steam consumption than a steam engine 
properly designed and running with the conditions of boiler pressure, 
superheat, and vacuum which axe admittedly indispensable to the 
economy of the turbine. 

If it be impossible for the turbine to do 25 per cent, better than the 
reciprocating engine under these conditions, then obviously the superior 
efficiency of the turbine will not offset the low efficiency of the blowing 
end, and the turbo blower as a whole will be a less economical unit 
than the reciprocating steam engine. 

The steam expert of one large and extremely well-managed com- 
pany has publicly expressed a doubt as to whether the turbo blower 
could get along with as little steam as the reciprocating engine, his 
company having both reciprocating engines and a turbo blower in the 
same building and operating under identically the same conditions. 

///. Failures. — There have been several wrecks of turbo blowers 
in this country, but these apparently have been due to defects in the 
design of new and larger units than had before been attempted, rather 
than to any inherent defect in the principles involved. This we have 
long since learned is the price which must be paid in the development 
of new equipment, and must therefore not militate unduly against the 
turbo. At the same time, it cannot be denied that turbines in other 
service have more than once "gone through themselves," to use the 
expressive phrase of the operator, with consequences so disastrous as 
to leave little of the structure of any value, even for repair purposes. 
Before the turbo blower can establish the supremacy towards which its 
builders are casting their eyes, it must establish a high degree of 
immunity from accidents, and also an economy not only eclipsing that 
of the best reciprocating steam engines, but rivaling that of the gas 
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engine, which increasingly, as time goes on, must become a powerful 
competitor in blowing machinery. 

Tbe condenser. — The auxiliaries of the steam plant at a blast-fur- 
nace do not differ from those of any other steam plant of similar size 
and character, and for that reason it is not necessary to discuss m6st 
of them here, but the condenser is important enough to deserve some 
attention. 

These for steam engines are of two types, the direct contact or jet 
condenser, and the surface condenser. Surface condensers are high in 
first cost and having an enormous number of packed joints are difficult 




Fig. 113. Weiss condenser. 

of maintenance for continuous operation. Moreover, the water avail- 
able at bla-st-furnaces is not always of such character as to enable them 
to be kept as clean as they should be for best results, and when foul 
they soon lose their efficiency and the vacuum drops. For this reason 
when reciprocating blowing engines are used the elevated syphon con- 
denser, working on the counter-current principle, and with positive 
means for removing the air, is very generally preferred. 

The first of these brought into use was the Weiss, introduced by 
the Southwark Machine Company, shown by Fig. 113. This is of the 
elevated type with a vertical tail pipe about 35 feet long, high enough, 
in other words, to carry out the condensing water and water of con- 
densation without pumping, against any vacuum which the condenser 
may produce. The air is taken off from the condenser by a dry-air 
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pump, G in the illustration, the condenser being designed to dischai^ 
the air after it has received the maximum cooling possible, so as to 
make its density at this low pressure as high as possible and enable 
the air pump to handle it to the best advantage. The air-pump engine 
drives by belt or gear drive a rotary 
pump, known as the Bibus pump, which 
supplies the water for the condenser. 
The Bibus pump is used on account of 
its high efficiency, but owing to its gear- 
ing, etc., this pump is not as well adapted 
to run submerged as is a plain centrif- 
ugal pump, and as condenser pumps in 
t lie -nature of things are extremely likely 
to be submerged from time to time, I 
personally prefer the simpler if some- 
^\hat less efficient centrifugal machine 
which can run submerged indefinitely. 

Several condensers of the same gen- 
eral style as the Weiss are now on the 
market, of which one of the best and 
most favorably known is the Helander 
(Fig. 114), designed by the late A. H. 
Helander, formerly chief engineer of the 
Mesta Machine Company, afterward 
vice-president of the William Tod Com- 
pany. This condenser dispenses with the 
supporting tower used by the Weiss, the 
tail pipe of the condenser itself being 
made strong and stiff enough to sup- 
port it. The air is taken off at the high 
point of the condenser body, as in the 
Weiss, different types of apparatus being 
used to pump it out. 

In some installations a steam jet or 
modified exhauster has been used whose 



Fig. 114. 



steam economy is not very much lower 



than that of a mechanical pump, which 
is low in first cost, and completely ehminates moving parts. In other 
cases a crank and flywheel vacuum pump is used as in the Weiss. 
Water is generally supplied by a centrifugal pump driven either by a 
motor or by a small direct-connected steam turbine. 

In blowing engine plants one condenser is generally installed for 
several engines, and this system has much to commend it, at the same 
time if steam for many units is to be condensed, the distance through 
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which the exhaust has to be carried to the condenser becomes great 
and the piping large and expensive, while the vacuum realized on the 
further engine is probably never as good by an appreciable amount as 
in the nearer engines, so that this system must not be carried to 



Fig. 115. Vertical cross-section of Helander condenser vesBel. 

extremes, especially as the high cost of the exhaust piping in a large 
installation would go far to pay for additional condensers. Neither 
must it be forgotten that several units of this kind have the advantage 
of greater flexibility and more freedom from general interruption than 
a single large unit. 
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For turbines the barometric condenser is sometimes used, but to get 
the best results these machines require vacua which measured as abso- 
lute pressures are only from a half to a third of those used with steam 
engines, therefore it is highly desirable to have the exhaust connection 
extremely short and very large so as to avoid both friction losses and 
leaks. For these reasons the condenser for the turbine is, in the best 
practice, placed immediately beneath it and in some cases forms the 
base upon which the turbine rests. For this service either a surface 
condenser is used or some sort of jet condenser with water-discharge, 
as well as dry-air pumps. The former is particularly desirable with 
turbines for the reason that their exhaust contains no oil and may be 
used for boiler feed without treatment, and for the high vacua desired 
in this service it has the advantage of not introducing any air. dis- 
solved in the condensing water, which is an important factor under 
these conditions. 

As a result of these considerations new types of jet condensers 
have been invented and new designs of surface condensers brought 
out so that condensers as a whole have received a vast development 
in recent years. In relation to blowing power for furnaces, however, 
these conditions are not suflSciently important to justify more exten- 
sive treatment here. 

Combination of turbine and reciprocating engine. — There is an 
application of the turbo blower to blowing engines of which no actual 
installation has as yet been made, but the possibilities of which have 
been figured out on the basis of actual practice, and specifications pre- 
pared for such an installation. 

This is a combination with existing blowing engines of the turbo 
blower driven by a low-pressure turbine. The turbo blower is not 
designed to blow the full pressure required for the furnace, but only 
to do about one-half the work of compression, supplying the air under 
this partial pressure to the air cylinders on the existing blowing engines. 

The advantage of this combination is that the turbine is a more 
efficient motor for pressures below atmospheric than the steam engine, 
particularly where high vacua are obtainable, and the turbo blower, 
while not more economical for low pressure than a good piston blower, 
is relatively more economical for low pressures of 6 or 7 lb. than it is 
for pressures of 15 lb. and upward, not because the turbo itself has a 
higher efficiency at the lower pressures, but because the friction of the 
large cylinders required for reciprocating blowers, unless they are most 
carefully designed, reduces the mechanical efficiency of that type of 
machine at low pressures, so that it is doubtful whether they are as 
economical below 6 lb. as are rotary blowers or perhaps turbo blowers, 
therefore the rotary unit as a whole is more economical than a recip- 
rocating one for very low pressures. It is also much lower in first cost, 
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and by combining the two types of machines and using each for the 
range of pressures for which it is best adapted, we obtain the highest 
efficiency with the lowest first cost. This is particularly true where 
existing installations are either uneconomical, unable to blow the pres- 
sure required, or unable to furnish the volume required. 

By putting a turbine and condenser on the exhaust of a non-con- 
densing engine we can recover a horse-power for about 30 to 35 lb. of 
steam, depending on the vacuum available. This power appUed to a 
turbo will compress the quantity of air required to a pressure in ordi- 
nary cases of 5 to 7 lb. This increases the density of the air and there- 
fore increases the capacity of the air cylinders of the reciprocating 
engines, and also obviously raises the pressure to which they can com- 
press the air by at least the amount of this precompression. 

The turbo blower will compress air to a pressure of 6J or 7 lb. in 
a single stage; therefore, in ordinary cases only a single-stage unit will 
be required in applications under this system. 

Both the reciprocating engine and the turbo blower labor under 
certain disadvantages when used singly which are eliminated when 
they are used in combination, thus the turbo blower alone must have 
stages enough to blow the maximum power required, for instance, 
30 lb., even though 15 only will be required 99 per cent, of the time. 
Similarly the air cylinder of the reciprocating engine must be large 
enough for the maximum volume of air to be handled, even though this 
be required only occasionally. The turbo blower, on the other hand, 
can supply any increase in quantity of air desired within reason, 
without any change in its construction, while the blowing engine can 
compress to any pressure within reason without any change in its 
construction. 

By combining these two units we obtain the volume capacity of 
the one and the pressure capacity of the other without the need of 
excessive size in one case, or multiple stages in the other. This ar- 
rangement has also the great advantage of retaining the metering 
efifect of the piston of reciprocating engines, which is certainly more 
positive than the systems of volume governing so far appUed to the 
turbo blower. 

In the combined unit the question of governing the turbo practically 
takes care of itself, since the quantity of steam exhausted by the recip- 
rocating engine controls the speed of the turbo, and this steam must 
depend upon the volume of air blown and the pressure to which it is 
raised. If the blast pressure required increases, the tendency of the 
reciprocating engine is to slow down slightly and so slightly to decrease 
its discharge while the increased quantity of steam which it exhausts 
tends to increase the speed of the turbine and so to increase the pres- 
sure at which the turbo blower discharges, thus making up by an 
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increase in density for any decrease in displacement of the reciprocating 
engine. 

In the actual case for which specifications were prepared, there were 
three standard long cross-head blowing engines, two with good steam 
cylinders, the other with a poor steam cyUnder, all non-condensing. 
The owners had obtained bids on a single low-pressure unit to take the 
exhaust from one of these engines and run condensing, letting one of the 
high-pressure engines run condensing with the other standing as a spare. 

It was easy to show that on the basis of the guaranteed figures of 
the turbo blower manufacturers a single turbo blower could be installed 
which would supply the two good existing high-pressure engines with 
air compressed to 6) lb., and this increase in density, with a shght 
and entirely permissible increase in speed, would have made the weight 
of air discharged by these engines the same as that now discharged 
by all three. The exhaust from both of these would have gone into 
the low-pressure turbine, and from that into the condenser, and would 
have been sufficient with any ordinary vacuum to drive the turbo 
blower at a speed which would enable it to supply precompressed air 
to both reciprocating engines. The third engine would have stood 
as a spare. The air cylinder heads of the blowing engines would have 
required to be closed in so that they could receive this air under pres- 
sure. A large inward-opening check was to be provided in the pipe 
carrying the precompressed air so that if anything happened to the 
turbo blower it could instantly be shut down and the reciprocating 
engines would then get their air supply from the atmosphere. This 
would have given the furnace two-thirds wind until the third engine 
could be started up, which would be only a matter of a few minutes. 
Finally it was shown that this equipment could be installed complete 
for a considerably smaller sum than would be required for the low- 
pressure unit, and that its steam consumption would be smaller than 
that on the other plan by several thousand pounds per hour. 

This possible installation is set forth here because of the advan- 
tages which I believe it to have for such cases. It may also be said 
that the installation above described, while not installed as yet, was 
not rejected by the owners on account of any defect in the system, 
but only because they decided not to install additional blowing power 
at that time. 

The gas-driven blowing engine. — It is now more than half a cen- 
tury ago that Otto first built internal combustion engines using the 
four-stroke cycle, and the economy of these engines was early recog- 
nized as being far superior to that of the steam engine in thermal units 
required. Before the days of the universal use of gasoline, gas was 
the only fuel used in such engines, and the difficulty of making suitable 
producer gas for them stood in the way of their earUer introduction. 
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In the case, however, of blowing engines for blast furnaces, which 
are in one sense only gigantic gas producers, the advantages of using 
the gas they supply directly in the engine cylinders are obvious. The 
first suggestion to carry out this plan was made in 1876 by Mr. Frank 
Firmstone, then manager of the Glendon Iron Works, to Mr. P. L. 
Weimer, of Lebanon, an engine builder of some note, but nothing 
was done in the way of carrying it out for nearly twenty years, when 
in 1895 Mr. B. H. Thwaites in England installed a small gas engine 
and operated it continuously for a considerable period on blast-furnace 
gas. • 

The idea was then taken up by German and Belgian engineers and 
to them is due the credit for overcoming the enormous technical, 
mechanical and financial difiiculties involved in carrying this simple 
scheme into successful practice. 

It was only after engines of this type had reached a high state of 
development in Europe that they were introduced into this country, a 
circumstance which has caused much shame to some good Americans, 
but I believe does not reflect as much discredit upon this country 
as has frequently been claimed, on account of differences in conditions 
unnoticed by casual observers. 

These differences are financial and industrial rather than technical, 
and consist in the fact that in Europe capital can earn only a relatively 
small rate of interest and labor only a small rate of wages compared 
with what both command in this country, while raw materials, par- 
ticularly coal, are scarce and dear in Europe and have in the past been 
ridiculously cheap in this country. 

The saving to be made must be bought, as we shall presently see, at 
the price of enormous expenditures in capital and in high-priced skilled 
labor, while its value could only be measured in terms of the saving 
in coal, one of our cheapest commodities. 

When these technical savings were reduced by the amount of the 
high labor cost required to make them, the interest which the balance 
would pay on the capital involved was often less than could be earned 
by that capital in increasing the producing capacity of the plant. 

It is true that this view of the subject involves the use of coal 
which might be saved for future generations by the other system but 
this is a subject to follow which would take us far beyond the proper 
boundaries of this work and I shall not attempt to analyze it further 
than to suggest that, admitting the value of the "conservation" idea, 
it is proper to ask whether the saving of money, which represents 
value already created, may not be as justifiable as the saving of raw 
material which only has potential value. 

Or to put the matter in different form, if the owner of a plant can 
make more interest on the capital invested by using more raw material 
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than is theoretically necessary, who is to compensate him for the loss 
he makes by following the opposite course? 

On the other hand, this policy is capable of great abuse, and Ameri- 
cans, as a nation, have had in the past and to some extent have even 
yet a tendency to prodigality and to ignore savings of various kinds 
which they might make, more through mental inertia than through 
any more worthy motive. 

It may be admitted that the policy of conserving capital at the 
expense of raw material has often been carried too far, and the gas 
engine may be such a case. I shall give at the end of this chapter an 
outline of the method by which this question may be settled on its 
merits in each individual case. 

The difficulties to he overcome. — The conditions to be met, and the 
difficulties to be overcome in making the gas-blowing engine a success 
may be briefly stated as follows: 

First: Blast-furnace gas as it comes from the furnace contains a 
vast quantity of fine and exceedingly abrasive dust which must be 
completely removed before it is introduced in the cylinders of the en- 
gine or the latter will soon be destroyed by wear. 

Second: The gas engine is a prime mover with little or no overload 
capacity, and with an efficiency which diminishes very rapidly as its 
load drops off. The opposite condition prevails in the case of the 
steam engine, which has a very large overload capacity, and which 
maintains its economy well at loads very much smaller as well as much 
larger than its rated load. Therefore, when the blast pressure required 
by the furnace changes, the steam engine has no difficulty whatever 
in accommodating itself to the change, but the gas engine must either 
work at the disadvantage of an uneconomically light load normally, in 
order to be able to carry the heavier pressures when they arise, or 
else it must have special devices to enable it to compress less air when 
a high pressure is required, at the same time increasing its speed 
and power. 

Third: The gas engine when it began to be developed for use for 
blast-furnace gas was very largely a single-cylinder, single-acting engine, 
which, with the four-stroke cycle, meant that it received but one work- 
ing stroke in two revolutions. The reason for this limitation was that 
it was considered almost impossible to operate piston rods with their 
accompanying glands at the high pressures and high temperatures 
involved in this type of engine. 

Fourth: Owing to the intermittent and rather complex nature of 
their cycle these engines were in the early days freakish, unreliable, 
uncertain, and difficult to operate to a degree which in the opinion of 
many American engineers debarred them from use, especially for blow- 
ing service. 
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Fifth: Owing to the operating difficulties just mentioned, and to 
the high repairs which went with them, the operating and maintenance 
cost was very high. 

Sixth: The first cost of these engines, both for the engine proper, 
for foundation and for house, was and is even yet enormous, and as 
this first cost must be amortized at a relatively heavy rate on account 
of the rapid obsolescence and somewhat rapid deterioration of these 
engines, the fixed charges on them were very high. 

Coming now to the solution of these problems and difficulties, the 
result desired has been achieved in each case by the same formula. A 
vast amount of technical work of the highest order, the endurance of 
a vast number of operating difficulties which resulted in deficient blast 
supply for the furnaces at frequent intervals of uncertain duration, 
and made the managers regret the day that the gas engine was born, 
but which led eventually to methods whereby these difficulties might 
be avoided or overcome, an enormous number of experiments, many 
of which in the nature of things were unsuccessful, and the expenditure 
of great sums of money for development. 

The cleaning of the gas. — Great harm was done to the gas engine 
in its early days by the premature publication of the results of an 
• experiment in using gas which had not been thoroughly cleaned. It 
wag claimed that only primary cleaning was necessary, and that the 
fine dust left by this simply went into the cylinder and came out again 
without doing any harm. A few months' longer trial, however, soon 
showed that while most of the dust followed this course, enough of it 
adhered to the oily surfaces of the cylinder and piston rod to cause 
the rapid destruction of those parts, and it was then realized, once 
for all, that the gas must be cleaned, not only in primary washers, but 
must be scrubbed until the amount of dirt left in it was a negligible 
quantity. It is said that in present practice the gas passing into these 
cylinders is cleaner and more free of dust than the air we breathe. 

This is not the place at which to deal with the question of gas 
cleaning, but it seems to be a fact that a positive and reliable solution 
of this problem, which could be guaranteed, was first obtained by the 
German engineer Theisen, and after the invention of his apparatus 
the development of gas-driven engines was much more rapid than 
before. 

Adapting the engine to variable loads, — In Germany the method 
has largely been adopted of holding open the inlet valve during a 
greater or less portion of the compression stroke, and so, in fact, cut- 
ting down the capacity of the air cylinder when higher pressures were 
required than those for which the engine was designed. But in this 
country this plan seems not to haye found favor, except with the Wm. 
Tod Co. of Youngstown, and in general the gas cyUnders have been 
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made large enough to blow the maximum pressure normally required, 
any change from this being met by adjustment of quantity or quaUty 
of gas mixture and enduring the consequent loss of efficiency. 

This is for the reason that when a furnace gets "tight" and the 
pressure goes up, it is frequently, if not generally an indication that 
it needs more air and if this be not suppHed a scaffold is liable to form 
causing weeks or months of trouble. 

Therefore the plan of reducing the volume of the blast in order to 
attain the increased pressure needed does not commend itself to fur- 
nace men; it is good for the engine, but Ukely to be very bad for the 
furnace. 

Adapting the engines to run double acting wUh tandem cylinders, — 
The difficulties which prevented this development in the early days 
were those which came from the intense heat acquired by any surface 
of small curvature, such as a piston rod, unless it was water-cooled. 
The head and barrel of gas-engine cyUnders have been water-cooled 
since the very beginning, but on account of the mechanical difficulties 
the early engines were made single acting and their pistons were not 
so cooled but made long and allowed to get their cooling effect 
from the barrel of the cylinder and from the air in the crank chamber. 
This, with the plain flat piston heads without projections, enabled them 
to run without getting so hot as to cause premature explosions. 

When it became necessary to obtain more working strokes per 
cycle the trunk piston was discarded and the regular piston and piston 
rods of the standard engine substituted, except that these were both 
made hollow and water-cooled by flexible or trombone connections to 
the cross-head or to the rear end of the piston rod. This having been 
brought into successful practice, the next step was to add a tandem 
cylinder and run the piston rod through to its piston, and with the 
experience based on the previous work this was soon brought into suc- 
cessful operation also. 

In the four-stroke cycle single-acting gas engine only one stroke in 
four is a working stroke instead of every one, as in the steam engine. 
Therefore by putting two double-acting cylinders tandem and having 
their working strokes alternate one with another two working strokes 
per revolution were obtained as in the steam engine. This resulted 
in an enormous reduction of the irregularities of power development 
and of turning moment, from which the early single-cylinder gas engine 
suffered. 

Elimination of difficulties and uncertainties of operation, — This 
has been even more than the others a matter of patience and detailed 
attention to small and apparently unimportant points. The ignition 
system which was at one time under electrical control and with only 
one igniter per cylinder head, has now been made entirely mechanical 
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with two or more independent igniters per cylinder end, so that one 
will ignite the charge if the other fails. Pilot lights on each of these 
igniters show whether they are working or not and enable difficulties 
to be cured before shut downs from the failure of both can occur. 

The type of design which has the strength to resist the heavy inter- 
nal pressures due to the gas explosion, and at the same time is so free 
from inequalities as to avoid heating strains, and the cracking and 
failing of cylinder heads and pistons which come from that cause, has 
gradually been evolved. The system for supplying water for cooling 
the pistons and piston rods has been developed so that the formation 
of air and steam pockets is prevented, and the overheating and con- 
sequent cracking and premature ignition which arose from those causes 
are thereby avoided. 

In this country the center crank construction has generally 
been discarded* in favor of the overhung single crank because the 
latter requires only one main bearing and definite knowledge of its 
adjustment and condition and of the stresses upon it are obtainable, 
whereas when the center crank is used, two main bearings are required, 
the racking stresses which may be developed by the maladjustment 
of one of them are enormous and entirely impossible to determine. 
Nevertheless some of the most recent gas blowing engines built by 
the Mesta Machine Co. have returned to the center crank construc- 
tion on the ground that a smaller and lighter crank gives the same 
strength and has less overhang. 

The valves of the engines have been put in convenient and acces- 
sible locations so that they can be readily removed for examination 
or replacement, and at the same time so that dirt will not lodge upon 
their seats, with the consequent destruction of the latter. 

All of these details and many more have been subjected to the 
most rigid, patient, and penetrating investigation, so that the causes 
which led to these difficulties have either been avoided altogether or 
their results have been overcome to the best advantage. 

Expense of operating and maintenance, — The thorough cleaning of 
the gas eliminated at one stroke a great number of the operating 
difficulties of the gas engine, while hand in hand with this went the 
knowledge obtained by both designers and operators from the patient 
investigation and improvement of details described under the fourth 
heading, so that great plants of gas engines may now be seen running 
apparently with but little more attention and no more repairs than 
would be required by an equal number of steam engines of similar 
power. 

The reduction of the gas engine to standard practice, — The gradual 
elimination of the experimental work required in the early days of 
gas engine development, and the fact that a number of reliable and 
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experienced engine builders have undertaken its manufacture under 
competitive conditions, have all tended to reduce the first cost of these 
engines, while the standardization of designs and better adaptation 
of the means to the end sought have lowered their rate of obsolescence 
so that the amortization period is longer and this in conjunction with 
the lower first cost has greatly reduced the overhead charges. 

Type of gas engines. — Owing to the length necessary on account 
of their tandem cylinders and to the excessive stresses to which they 
are liable from the nature of their working cycle, gas engines in large 
sizes for the iron and steel industries have never been built except 
as horizontals, therefore the number of types is very much more limited 
than is the case with steam blowing engines. 

The first installation of gas blowing engines on a large scale in this 
country was that of the Lackawanna Steel Company at Buffalo, which 
was started about 1903-04, and has been the bone of many bitter 
arguments pro and con oh the whole gas engine situation and on the 
particular type of engine installed. These are two-stroke cycle engines 
built under the Koerting patents. 

They have a single double-acting cylinder on each side and every 
alternate stroke is 'a working stroke exactly as in the steam engine, 
their gas and air being suppUed them by large pumps driven by cranks 
on the ends of the main shaft, one of which supplies the gas, the other 
the air, not only for combustion, but also for scavenging the cylinder 
of the burnt gases from the last stroke. This is done by a **plug" 
of air which is driven through the cylinder behind the burnt gases and 
in front of the fresh charge, and to a great extent prevents the mixing 
of these, which would greatly reduce the efficiency. 

No exhaust valve is used. The piston uncovers an annular port 
in the cylinder near the end of its stroke and the burnt gases and 
plug of scavenging air escape through this while it is uncovered. Dur- 
ing the latter part of this interval the fresh charge is introduced into the 
rear end of the cylinder, but is prevented from escaping by the air plug. 

This engine then, avoids the necessity of having two cylinders to 
make each stroke a working stroke and avoids the exhaust valves of 
the four-stroke cycle, but does so at the price of two large crank-driven 
pumps which have to raise the charge to higher pressures to force it 
into the cylinder than are necessary in the four-stroke cycle. In addi- 
tion to this the air required merely for scavenging, must be handled 
and compressed. These engines after more than ten years of contin- 
uous service are still in regular operation and, although steam blowing 
engines are installed, they are held in reserve and the gas engines run 
by preference not only of the mechanical department, but also of the 
furnace manager, because they are not only more economical but 
require less attention and repairs than the steam engines. 
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The gas-cleaning installation at this plant is almost rudimentary 
as compared with more modern ones and the resulting gas much less 
clean, yet these engines are operating successfully with the original 
cylinders in some cases without even being bored out and lined, with 
some of the original piston rods, and almost all the original pistons. 

These engines have horizontal gas cylinders and vertical air cylin- 
ders concerning which construction no more need be said than was 
said concerning the steam engine of that type, except that the high 
speed and great inertia of the reciprocating parts of the gas engine 
makes it even more unnecessary than in the steam engine, and it has 
not so far as I know been used in any other large installations of gas 
blowing engines in America. 

Judged by the test of time and service this installation must be 
judged as great a success as an initial installation of any kind ever is. 
It was described in much detail by Mr. E. P. Coleman in Vol. XXXII 
of the Transactions of the American Society of Mechanical Engineers, 
in which excellent article the statement is made that these engines 
require about 18,500 B.t.u. per indicated horse-power in the air cyl- 
inders, an efficiency of 13.7 per cent. 

Recent types of four-cycle engines at three-quarter load give about 
22 per cent, efficiency at the shaft and reducing this by 10 per cent, 
we get 20 per cent, as the efficiency based on the indicated horse-power 
in the air cylinder or nearly one-half more than of the Koerting 
engines, so the reason for the exclusive use of the four-cycle type is 
not far to seek. At the same time these four-cycle engines represent 
a much more recent state of development than do the Lackawanna 
engines and it is claimed that the later examples of this Koerting type 
in Europe give far better results than do the earlier ones. Still it 
must be acknowledged that while many attempts have been made to 
improve the economy of the two-cycle engines for all uses and in all 
sizes none of these attempts have ever succeeded in putting it in the 
same class for economy as the four-cycle, and it may now probably be 
said with safety that there are fundamental obstacles to success 'in this 
endeavor, which will never be overcome. 

Fig. 116 shows a gas blowing engine built by the William Tod Com- 
pany with twin tandem gas cylinders on one side of the crankshaft 
and a blowing cylinder on the other side, driven by stretcher rods as 
described for the inside crank steam engine. This construction is no 
shorter than that of a straight tandem engine, and as the piston rods 
pass through the cylinder heads, and are supported by slides outside 
them in all cases, I do not fully understand the advantages of this 
construction, but it is in extensive use and seems to give good 
satisfaction. 

Fig. 117 shows a similar design of engine built by the Allis-Chal- 
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mers Company, and Fig. IIS shows one of the largest inatsllatioDS of 
^s blowing engines in this country, also built by the AlUs-Chalmers 
Company, 



Fig. 117. AUia-Chalmora 44x60 twin tandem gas engiDe with 
60 X 60 air cylinders. 

Fig. 119 shows in outline a straight tandem gas blowing engine built 
by the Mesta Machine Company with the crankshaft at one end, the blow- 
ing cylinder at the other, a design which I prefer to the inside crank type. 



Fig. 118. Row of eight Allis-Chalmera gas blowing engines. 

All these engines are of the four-stroke cycle, double-acting, double- 
tandem type with admission valves and exhaust valves all in the cen- 
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tral vertical plane to give maximum accessibility without the necessity 
of removing cylinder heads and to avoid the formation of pockets in 
the cylinder heads. 

The details of the designs differ but not very much more than the 
details of steam engines. 

The air cylinders do not differ from those of steam engines except 
that the speeds at which they are required to run average higher and 
the valves must be designed to meet this condition. 

The speeds of gas engines. — It is a remarkable fact that a number 
of builders of blowing engines should balk at the idea of nmning a 
steam-driven blowing engine more than 40 revolutions, yet regularly 
design and build gas engines' of the same stroke to run from 70 to 85 
revolutions, and the situation is made the more remarkable by the 
fact that the reciprocating parts of the gas engine are about 50 per 
cent, heavier than those of the steam blowing engine of similar capacity. 
This, with their high rotative speeds, double those of many steam 
engines, makes the inertia about six times as great as it is in the steam 
engine. The set of indicator cards from a gas-driven blowing engine, 
obtained through the kindness of the William Tod Company of 
Youngstown, and shown by Figs. 120, 121, and 122 (page 184) are from 
a 42 and 80 X 60 gas engine with a rated speed of 65 revolutions, with 
reciprocating parts weighing 94,500 lbs. for each side. 

From these I have prepared the net pressure diagrams for a pair 
of gas cylinders and the corresponding air cylinder, shown in Fig. 123 
(page 185). These have been reduced into a combined net pressure 
diagram of both sets of cylinders, shown in Fig. 124 (page 186), on which 
is drawn the line of inertia effect at 65 revolutions and in dotted lines 
the inertia effect at 60 revolutions. 

In Fig. 125 (page 187) is shown the resultant of these combined air 
gas, and inertia diagrams at 65 revolutions. It will be seen that the 
equalization of power developed and power absorbed by this means is 
very good, but that the speed is, in this case, if anything a little too high, 
and that a better equalization would be obtained at 60 revolutions. 

The stroke of this engine is 5 ft., that of the horizontal cross-com- 
pound, of which inertia and combined diagrams were presented earlier, 
was 6 ft., only 20 per cent. more. It seems remarkable that this 
engine should be run at a speed of 65 revolutions, while the rated speed 
of the steam engine was only 40 revolutions, although it would obvi- 
ously do better work if its detailed proportions were right, at 55 revo- 
lutions, than it would at 40, with an increase in output of practically 
40 per cent, and without any countervailing disadvantage. 

I think the explanation is that the gas engine simply will not run 
properly at low speeds on account of the tremendous variations in 
pressure, and the reversals of stress consequent on them, so that engine 



184 



BLAST-FURNACE CONSTRUCTION 



builders have been compelled to run them at a proper speed whether 
they would or not; while in the case of the steam engine the reversals 
of stress were so much less severe that the engine could endure them 
without the equalizing influence of the inertia effect, and the obvious 
advantages of higher speed have been ignored because the engine could 
get along without them. 
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Fig. 122 
Figs. 120-122. Tod gas engine cards. 

It may be of interest also to point out here the "spike" of pressure 
due to the reexpansion of the air in the clearance space which increases 
the total pressure on the running parts of the engine 15 or 20 per cent, 
above what it should be at the beginning of the stroke. 

It would seem that by delaying the ignition very slightly the explo- 
sion line of the diagram could be made to slope forward by a very 
small amount so as to ofTset the pressure from the reexpansion of the 
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clearance air and that this would not lessen the area of the diagram 
by an appreciable amount, while it would reduce the maximum stress 
on the whole engine to an important extent. 

The choice of a type of blowing engine. — From what has been said 
it will be seen that we have the choice of three separate and very dis- 
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Fig. 123. Net pressure diagram. 

tinct types of blowing engines. It would be desirable to make a defin- 
ite pronoimcement as to the superiority of one of these types, but it 
is not possible to do this for two reasons. First, the whole matter is 
in a state of active controversy at the present time, with the advantage 
shifting from side to side as one receives additional light upon one 
or another phase of the situation. Second, there is no definite solution 
for all cases because the conditions vary greatly. 

At a steel plant which has within itself a vast market for power, 
the power producing capacity of the blast-furnace gas must obviously 
be utilized to the fullest possible extent, so that the purchase of other 
fuel may be minimized or eliminated, and for this object an invest- 
ment may be made of from four to eight times the annual net saving, 
depending upon the conditions and the judgment of the owner. 
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On the other hand a furnace Bet down in an isolated location with 
no other manufacturing or mining operation nearby to Bupply a market 
for its power is justified in putting in machinery only so good as will 
secure for it virtual immunity from the purchase of coal for power 
purposes, and will give the lowest operating cost exclusive of fuel. 




Fig. 124. ComlHiied net preesure diagram of air and gaa cyUndcrs. 

Under these conditions it is obvious that no decision of this ques- 
tion for all cases is possible even if the actual physical data of opera- 
tion available were complete, and were unanimously admitted by all 
parties in the controversy, which is by no means the case. The prob- 
lem must be solved for each case on its own merits, and the lines of 
this solution may in a general way be laid down. It may be said in 
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advance that recent investigation of this subject with details of actual 
capital and operating costs of gas engine plants by Messrs. H. J. 
Freyn, formerly of the Allis-Chalmers Company; C. J. Bacon, of the 
Illinois Steel Company, and Arthur West of the Bethlehem Steel 
Company, with data on the steam turbine and turbo blower, sub- 
mitted by Mr. Richard H. Rice of the General Electric Company, 
have indicated that the fuel cost of power production is by no means 
the' only cost, and in many cases is not even the largest item, but that 
as we pass from the plain and simple types of machinery of old, to 
the more refined and economical but expensive types of to-day, the 
fixed charges due to investment may rise faster than the value of the 
fuel saved. It is only by considering all these factors that we can 
arrive at the proper solution in any given case. * 



420 



+10 



-10 




-10 



Fig. 125. Combined diagram of air, gas and inertia. 



The outline of the solution. — The first question to be asked and 
answered is as to the value of power for purposes outside the blast 
furnace. If no market is at hand or can be created this is obviously 
zero. If on the other hand there is a market it is obvious that sur- 
plus power produced by the furnace must meet the competition of 
power produced by the cheapest means otherwise available. This 
will generally be determined in a broad way by the cost of coal at the 
given locality. Granting the existence of the market for the power 
at a price so determined, and knowing the quantity of gas to be pro- 
duced by the given furnace plant we deduct from the former 35 per 
cent, to represent the consumption of the hot blast stoves, and 5 per 
cent, for other auxiliaries around the plant; the remaining 60 per cent, 
is the gross amount which must supply the power required for blowing 
the furnace and that which is to be sold. 

Fairly reliable figures are to be had as to the number of thermal 
units required per horse-power, by each of the different types of prime 
movers. In the case of the gas engine this can be converted directly 
into cubic feet of gas required, based on the thermal units per cubic 
foot of the gas after it is cleaned and cooled and ready for the gas 
engine cylinders. But in the case of the steam engine and the steam 
turbine the efficiency of the boiler enters as a factor of much impor- 
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tance. It has been claimed that this may be put as high as 80 per 
cent., but the best and the most recent data concerning boilers and 
their operation with blast furnace gas, indicate that they often reach 
in practice something less than 60 per cent. This also, however, is 
capable of investigation and determination for the detailed case in 
contemplation, and a figure must be taken corresponding to the results 
which may reasonably be expected. Due allowance must be made for 
the steam pressure to be used, and particularly for the degree of super- 
heat desired in the steam, and for the fact that the actual quantity of 
heat required in proportion to the theoretical, is greater as the degree 
of super-heat rises. 

With this information we may figure the number of cubic feet of 
gas required to produce a horse-power in the case of the steam engine 
and the steam turbine, and in this case the thermal value of the gas 
per cubic foot in a partly cleaned and warm condition may be taken 
instead of that for its cold condition, which makes a difference of 
between 5 and 10 per cent, in favor of the steam apparatus. This 
helps to offset the initial advantage of the gas engine, that it only 
requires about two-thirds as many thermal units per brake-horse- 
power as do the steam driven motors. 

We can now figure the quantity of gas needed to blow the furnace 
in each case and subtracting this from the total net heat available we 
obtain the amount available for the development of power to sell. 
From this we may determine the amount of such power we can pro- 
duce in each case and its value, from which the operating cost of its 
production, exclusive of fuel, must be deducted. Against this we 
must set up the cost of the investment, the proper rate of amortiza- 
tion, and the proper rate of interest on the capital in each case. By 
comparing these with the net earnings for the power sold in each of 
the three cases, we can determine which is the best investment, always 
remembering that the amount of money available, or which can be 
raised, is more often than not strictly Umited, and that the fact that 
a fine interest can be earned on an extra two or three millions ia of 
Uttle interest or value if the management cannot raise the extra two 
or three millions. It is also very necessary to remember that the 
type of motor determined upon as best to blow the furnace is not neces- 
sarily the best for developing power for sale. In fact in my judgment 
the probabiUties are that the reverse is the case. The steam turbine, 
owing to rotary motion, high steam economy, and ease of supervision 
has great advantages in driving electric generators, whereas for driving 
blowers it has no better means to apply to the purpose than the turbo 
blower whose efficiency is only 70 per cent, as a maximum as compared 
with 85 per cent, or more as the over-all efficiency of the piston blower. 
This gives the reciprocating engine, whether steam or gas driven, a 
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long lead over the turbine for blowing purposes, while the latter has, 
as outlined above, many advantages over both the former in the gen- 
eration of electric power. 

For all these reasons it seems well to reiterate that each case pre- 
sents a problem of its own which must be handled without prejudice 
by someone competent to weigh not only the technical considerations 
involved, but also that more 'serious and more difficult question which 
has wrecked so many engineers and their briUiant schemes: How much 
interest will it pay on the capital invested? 



CHAPTER V 
HOT-BLAST STOVES 

In the third decade of the nineteenth century James Beaumont 
Neilson, who from plain beginnings had made for himself a distin- 
guished position as a gas engineer and authority on matters of com- 
bustion, was consulted by a furnaceman as to the reason for the very 
unsatisfactory work of his furnace, particularly in summer. 

This started Neilson on a long investigation. Among other things 
he experimented with the use of preheated air on gas burners and on 
blacksmiths' fires and found that the effect was a marked increase in 
the brilliancy and intensity of the combustion. In 1828 he took out 
a patent on the use of preheated air in the blast-furnace, but even 
after surrendering two-thirds of his patent to furnace owners he had 
the greatest difficulty in obtaining a chance to make a trial of the 
process. 

Finally after several years of effort and after overcoming the most 
factitious and unreasonable objections to changes in insignificant details 
such as the shape of the blast pipe, he made a demonstration and, 
while the increase in blast temperature was only 80° F. , the results 
were so obvious that the system was at once adopted and higher 
temperatures applied. 

Then he was at once thrown into another difficulty — that of pre- 
venting the overthrow of his patent by a combination of Scotch furnace 
owners who took a pledge to break his patent virtually ''by legal 
means or otherwise" in order to avoid the payment of his moderate 
royalty of Is. per ton, though the saving effected amounted to 32s. 
per ton. 

It is rather a relief to realize that such piracy, which we have be^n 
taught to regard as the product of our own times, flourished even in 
those ''good old days." 

It is still more pleasant to know that after innumerable trials which 
went thrice to the House of Lords, Neilson and his associates won, and 
that on the royalties he finally received he was enabled to pass the 
closing years of his life in comfort and leisure devoted very largely to 
what would now be called welfare work. 

The results of his invention upon the operation o( the furnace were 
probably very much beyond Neilson's most sanguine expectations, 
and within a few years the warm blast was used in producing by far 



HOT-BLAST STOVES 191 

the largest proportion of all the iron made. The reason for this saving 
so disproportionate to the amount of heat introduced by the warm 
blast will be explained in a chapter on the thermal action of the fur- 
nace. We have here only to deal with the apparatus used for heating 
the air. 

The first apparatus used was in all cases a nest of pipes of some 
sort in a masonry chamber, first fired independently with coal, later 
with waste gas from the furnace itself. The gas burned around the 
pipes while the blast on its way to the furnace passed through them. 
In early days these stoves were set on the top of the furnace, or if not 
immediately on top of it at the level of the top and just to one side, 
as has briefly been described in connection with boilers, so that the 
burning gas from the open furnace top could be drawn into them. 
This had the disadvantage that the cold blast had to be taken to the 
top of the furnace and the hot blast brought back to the bottom with 
the loss of heat consequent upon that journey, and as soon as the 
closed top was introduced the stoves were set at the ground level, with 
great advantages in first cost and in convenience. 

The temperature to which the blast could be heated in these stoves 
was strictly limited by the fact that the pipes constituting the heating 
surface were rapidly destroyed if a certain temperature, found by 
experience to be about 900® F., was exceeded by even a small margin, 
and if the stoves were fired while no blast was passing through them to 
cool them off, they might be completely destroyed in a period of an 
hour or two. 

To meet this condition the late Sir William Whitwell conceived the 
idea of applying to this service the regenerator previously invented 
by Sir William Siemens, which consisted of a pair of chambers filled 
with brick work, through which ran a great number of passageways 
arranged to present as much surface as possible. 

Through these passage ways of one chamber the hot waste gases 
of combustion were passed for an interval sufficient to heat the bricks 
to a high temperature; then the gas was cut off from this and thrown 
into the second chamber, and the air to support combustion was drawn 
through the first chamber, from which it absorbed heat by direct 
contact with the hot surfaces of the bricks. When a sufficient amount 
of air had passed to lower the temperature of the bricks below that 
which would impart the required temperature to the air, the gas cur- 
rents were again reversed in relation to the chambers, the gas being 
put back through the first one and the air currents being drawn through 
the second. 

For melting crucible steel, the first purpose to which Sir William 
Siemens applied his invention, the hot air for combustion was drawn 
through the checker work under the action of the stack draft, the 
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pressure within the checkers, therefore, differed by only a few inches 
of water from that of the atmosphere, and masonry construction 
throughout was sufficient for tightness under this difference of pressure. 

In order to apply this system to the blast-furnace, however, the 
chambers had to be so constructed as to withstand the pressure of the 
air after compression to the pressure required for the blast-furnace, 
because obviously the blowing engines could not handle blast heated 
to a temperature of 1000° F. or so. Therefore, the blast must be 
compressed first, and after heating must go directly to the furnace. 

For this reason Sir Wilham Whitwell built his stoves in the form 
of cylindrical chambers with a top either cylindrical or dome-shaped 
to prevent deformation under pressure. The bottom was flat because 
prevented from deforming by the weight of brickwork upon it. The 
shell of these chambers was of iron (now steel) plate, riveted together 
air-tight and strong enough to resist the maximum blast-pressure 
expected. 

There was also another change in the conditions as compared with 
those of the steel-melting furnace. There the gas to do the heating 
had already been burned and was simply hot waste gas. The waste 
gases of the blast-furnace, on the other hand, are not particularly hot, 
but are highly combustible, and so must be burnt for use in the regen- 
erator and in order to provide a gas burner and combustion chamber 
these firebrick stoves required, therefore, four connections. First an 
opening for the gas burner, second an opening to the draft stack, third 
a connection for the cold blast from the blowing engine, fourth a con- 
nection for the hot blast to pass to the tuyferes of the furnace. 

All of these openings were required to be alternately closed air-tight 
and opened at frequent intervals, and must retain their tightness under 
conditions of temperature injurious to any metal available for con- 
struction. This meant that all metal parts around these openings had 
very largely to be water-cooled. The brick stove, therefore, brought 
many annoyances and difficulties of operation in its train, and, while 
it gives blast temperatures about 50 per cent, higher than those per- 
mitted with the iron-pipe stove, its first cost is greater, and this with 
the inconveniences and difficulties of operation and maintenance 
resulting from the conditions described above, retarded its development 
somewhat, so that a few plants have continued to use the iron-pipe 
stove, but except in charcoal practice they are rapidly disappearing. 

With this general view of the situation we may proceed to describe 
the two classes of stoves. 

The iron-pipe stove. — This stove had a development which lasted 
about a half century before it was stopped by the preponderating ad- 
vantages of the brick stove, and in this interval a type of construction 
was evolved which was almost universally used. This consisted of a 
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large red-brick chamber lined with firebrick, beneath the brick floor 
of which passed horizontal pipes with nozzles or connections on their 
top surface, and a vertical partition in their central plane. On these 
were arranged U-shaped pipes reaching practically to the top of the 
chamber, through which the air had to pass on its way from the blow- 
ing engine to the furnace; short-circuiting of the U-pipes was pre- 
vented by the central vertical partition. Around these pipes burned 
the furnace gas entering at one end and passing through the rows of 
pipes and through the baffle walls to the other end, where at last it 
passed out of the stack. 

An excellent design of this type of stove is shown by Figs. 126, 127, 
128 and 129, which illustrate a stove built by the Longdale Iron Com- 
pany at its plant at Longdale, Virginia, under the designs of Mr. H. 
Firmstone, the president of the company. Fig. 126 is a vertical longi- 
tudinal section, Fig. 127 a vertical transverse section. Fig. 128 a sectional 
plan, Fig. 129 a detail of the U-pipes. 

It will be seen that upon a masonry foundation rests a series of 
cast-iron bedplates strongly bolted together and planed on their top 
surfaces. Upon these rest the bed pipes, square in cross section, with 
a central vertical partition and with three lateral nozzles on each side, 
in addition to the nozzles for the pipes on top. 

None of these bed pipes have any connections on their ends except 
that the outer chamber of the bed pipe at one end is prolonged into 
an inlet nozzle, and the outer chamber of the pipe at the opposite 
end is similarly prolonged into an outlet nozzle. Of course, these end 
chambers are without the lateral nozzles which connect the chambers 
to one another. The U-pipes are all of elliptical section in order to 
get a maximum of heating surface for a given area, and the nozzles 
on the bed pipes are similarly elliptical in section and of the same size 
as the end of the U-pipes, these ends being enlarged by a sort of collar 
cast on them which projects outside the body of the pipe about a half 
an inch, and which fills the spandrel between the two ellipses to a 
straight line, this is the shape of the exterior of the nozzles on the bed- 
plates also. 

It is perfectly obvious, on account of the central vertical partition 
in the bed pipes, that there is no passageway for the air except 
through the U-pipes, and the bed pipes being joined in series, with the 
U-pipes in parallel, the air passes through an entire set of U-pipes on 
one bed pipe as a single unit, thence to the next bed pipe, and through 
all the U-pipes on that simultaneously, and so on. 

The joints. — The principle of these stoves is obviously very simple, 
but their construction and the maintenance have developed a number 
of problems. The joints between the U-pipes and the bed pipes are 
universally sealed with what is known as a rust joint, a mixture of 
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Fig. 127. Iron pipe stove, Glendon type; transverse section. 
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fine iron borings and sal ammoniac made into a stiff paste and caulked 
into place. This mixture rusts with great rapidity; this converts 
the whole into an homogeneous mass of iron oxide, which is firmly 
cemented to the adjacent surfaces of solid metal. 

A cast-iron sleeve is slipped over each of these joints and the 
iron borings run down between it and the surfaces to be sealed. 
The sleeve is large enough to go over the nozzles on the bed pipes 
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Fig. 129. HeatJDg pipes. 

and the ends of the U-pipes, and about 10 in. in depth, so as to extend 
5 in. on each side of the joint when resting on the bed pipe. When 
this is properly done a first-class joint is secured. The joint is pre- 
served as far as possible from the direct heat of the flame by a floor 
of flat tile bricks laid between the rows of pipes and resting on the 
sleeves so as to make a fireproof brick floor above the level of the 
joints. 

The U-pipes immediately exposed to the gas coming in from the 
combustion chamtwr receive the severest treatment, and these are 
protected from the direct action of the flame by casting a dove-tail 
on the side of the pipes placed next to the combustion chamber and 
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sliding over this dove-tail firebrick tiles with a similar dove-tailed 
slot. These are put on the pipes so as to cover them from top to 
bottom on the side next to the combustion chamber and greatly increase 
their life. 

Baffle Walls, — In order to prevent the gas from the burners from 
passing along the top of the stove to the stack without going down 
around the pipes, baffle walls are built as shown^ with openings through 
their bases through which all the gas has to pass. This forces the gas 
current to the bottom twice in its course to the stove and secures a 
good distribution of the flame over the surface of the pipes. 

The roof of the stove, — Many stoves have been built with arched 
roofs, but these are a great inconvenience when U-pipes have to be 
taken out and new ones put in, as unfortunately happens not infre- 
quently with this type of stove; and to tear out a portion of this 
firebrick arch every time a pipe has to be changed would add consid- 
erably to the expense and delay caused by the operation. 

The Longdale stoves were, therefore, covered by long cast-iron 
T-beams whose lower surfaces were of jaw-shaped or dove-tailed sec- 
tion. These were lined with tiles or shaped firebricks, the upper part 
of which fitted into this jaw-shaped section, while the lower part 
projected out a little beyond the edges of the T-beam. These "shapes" 
were slid in from the end of the groove and laid in fireclay to make a 
tight joint and to hold them in place. 

In small stoves one end of this T-beam rests on one wall of the 
oven and the other on the other, but in a large stove, such as that 
shown here, the span would be too long for necessary strength, for 
convenience in handling, and for cheapness in casting the beams, 
therefore a steel I-beam runs down the center of the oven above the 
T-beams, and these were cast in two pieces, with the joint in the 
center, the fend at the joint having a hook which rests on the lower 
flange of the I-beam. This excellent construction gives strength and 
complete protection to the iron work of the roof from the flame, to- 
gether with convenience and accessibility. Moreover, this construc- 
tion makes a level top for the stove, convenient to work upon. 

This latter is important because when changing pip)es shear poles 
of relatively short and convenient length are set up on top of the 
ovens resting upon the T-beams, and by this means can be placed 
exactly where desired, which could not possibly be done with an arched 
roof. By the use of this construction, where a U-pipe requires to be 
replaced the half-length T-beams immediately above it can be removed 
to make room for the operation and then restored to place after it 
is completed with a minimum of labor and time and without requir- 
ing work by masDns. 

The shape of the pipes, — The elliptical shape of the pip«s is due 
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to a desire to obtain maximum surface for a given area, which may 
seem at first sight unnecessary, because it might be thought that the 
area was unobjectionable and that it would be simpler to make the 
pipes round and not bother about the increased area. 

This, however, is open to two objections. First, the length of the 
bed pipe required for a given number of U-pipes would be greatly 
increased, which would be objectionable from every point of view, 
and second, velocity is a matter of much importance in securing 
proper transfer of heat, much greater transfer being effected at high 
velocities than at low. Therefore, by constricting the area the velocity 
of the air passing through the pip)es is increased and the temperature 
obtainable with a given amount of heating surface thereby increased 
also. 

Many stoves have been built with round pipes, and at the end 
next to the combustion chamber this is probably wise, because the 
relatively narrow cross section of the elliptical pipes makes them bend 
about much worse under the influence of the flame than do circular 
pijjes whose diameter is equal to the major diameter of the elliptical 
pipe. But in the rows which are further from the combustion chamber 
this does not hold to iinything Uke the same extent, and there is 
probably ample justification for the use of the elliptical section in those 
rows. 

Two types of iron-pipe stoves, — Stoves of this general type are 
divided into two classes, known respectively as the "Glendon" and 
"Durham," from the former well-known works in the Lehigh Valley, 
which respectively used and advocated the two types. 

There is no essential difference in the construction of these two 
types, the only difference being in the directions in which the flame 
and air pass through them. The Glendon stove, as illustrated by the 
drawings. Figs. 126-129, is on the counter-current principle. The cold 
air enters at the draft stack end of the stove and progresses through 
increasing temperatures to the combustion chamber end, where it is 
discharged, while in the Durham stove the opposite procedure is 
followed. This latter at first sight is amazing and contrary to reason, 
but it appears to be an established fact that higher blast heats can 
be obtained from stoves of this kind than can be obtained from the 
Glendon type. The latter typ)e is definitely limited, if it is to give 
long life and low repair cost, to 850** F., while from 900° to 1000** 
may be obtained in the Durham typ)e of stove. This is for the 
reason that when the counter-current principle is used the pipes next 
to the combustion chamber carry air already heated up almost to the 
limit of temperature for the stove, and are exposed on the outside 
to the flame directly from the combustion chamber. They are, there- 
fore, not cooled off or protected on either side, and if very moderate 
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temperatures be exceeded they will fail in one way or another under 
this combined assault from within and from without. 

In the Durham stove, on the other hand, the coldest air passes 
immediately into the hottest pipes and cools them down to such a 
degree that they can withstand the external heat. Of course, in this 
type of stove the waste gases must pass off at a temperature at least 
200® or 300** higher than that of the hot blast they are discharging, 
otherwise the last rows of pipes would be worthless and would absorb 
no heat, while in the Glendon type of stove the hot gas may be dis- 
charged at a temjjerature several hundred degrees lower than this and 
still impart heat to the cold blast just entering. 

I do not know of a single case in which any investigation has ever 
been made of the thermal efiiciency of iron-pipe stoves, but I am 
convinced that that of the Glendon type is considerably higher than 
that of the Durham. On the other hand, if there be no use for the 
gas saved by this superior stove economy, as was generally the case 
at plants where these stoves were in service, then it is much better to 
burn this gas even though the economy of the operation be low, 
and convert its heat into increased blast temperature which exercises 
a beneficial effect upon the fuel economy of the plant as a whole. 

Firebrick stoves. — The early stoves of this type were of large 
diameter in comparison with their height, and contained four passes, 
each passage of the gas vertically through the stove being called a 
pass. Following the original Whitwell patent a vast number of modi- 
fications sprang up and the shape of the stove has undergone an altera- 
tion which has now given it a height of four or five times its diameter. 

The number of passes has been the subject of exjjeriment, as has 
almost everything else connected with the stove. It was gradually 
realized that the fourth pass frequently contributed very little to the 
heat of the blast, and as every additional pass meant giving up val- 
uable space in the stove for partition walls, with added complexities 
of brickwork at the top and bottom to form safe and durable passage- 
ways from one pass to another, the number of passes was reduced to 
three, to two, and finally to one. 

Stoves of this latter type were brought out by Mr. Hugh Kennedy 
some thirty years ago, it has a single pass straight through from the 
bottom to short chimneys on the top. 

This did away with the necessity of building a chimney for the 
stoves, and simplified the brickwork to the last degree, but the results 
in practice were unsatisfactory as the stoves did not give the heat 
desired. They have, therefore, practically passed out of use, and as 
a result of this and of the gradual disappearance of the four-pass type 
almost all the stoves built in recent years have been either of the two- 
pass or the three-pass variety. 
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The three-pass central combustion chamber stove. — The reason 
for three-pass stoves is that an odd number of passes brings the gas 
to be discharged at the top of the stove and by adding a relatively 
short stack immediately on its top we can obtain the draft necessary 
without the inconvenience of returning the gas back to the ground 
level and providing a separate stack for it. 

The combustion chamber is central for the reason that, as the 
average temperature of the brickwork is higher around the combustion 
chamber than elsewhere, it is Ukely to expand to a greater extent there 
than anywhere else. When the combustion chamber is in the center 
this excess expansion takes place along the central axis of the stove 
with complete symmetry in all directions, while the fact that the annu- 
lar wall which constitutes the outside of the combustion chamber and 
presumably attains the highest temperature, does not support anything 
at the top, makes it perfectly free to expand and contract without the 
destruction of any part of the stove. It is claimed on behalf of the 
central combustion chamber stove that the side combustion chamber 
locates this unequal expansion unsymmetrically in the stove with a 
tendency to greater stresses on one side than on the other. 

Moreover, the last pass is very much lower in average temperature 
than the combustion chamber, and in the McClure stove this rela- 
tively cool pass extends all around the outside of the stove and tends 
to cut down the radiation losses below what they are when the com- 
bustion chamber is just within the stove wall on one side. 

The McClure stove, — These two ideas underhe the design of the 
McClure stove, which is one of the best-known types of 3-pass stoves, 
built by the George W. McClure & Sons Co. This is shown in sec- 
tional elevation by Fig. 130, the horizontal section at the level of 
hot-blast outlet is shown in Fig. 131, a horizontal section of the checker 
work is shown in Fig. 132. It will be seen from Figs. 130 and 131 
that gas and combustion air are introduced at the bottom, pass up 
through the central combustion chamber, down through the first four 
rings of checker work to the bottom of the stove, where they pass 
through arches in its intermediate wall, and so up through the exterior 
row of checkers to the top, where they pass out through the chimney 
valve and up the stack. The stove is drawn as "on blast,"* so the 
chimney valve is shown shut and the arrows are shown in the reverse 
direction to that described and illustrate the course of the blast as 
it passes through the stove and finally out the hot-blast ojjening. 

It will be seen that the stove contains two domes, one a spherical one 
resting on the intermediate wall which separates the second and third 
passes of the gas and one a conical one which lines the conical steel 
dome of the stove shell and prevents its destruction by heat. Fig. 133 
shows a perspective view in section of the lower portion of this stove. 
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Fig, 130 Fig. 133 

Figs-'iaO, 131, 132, 133. M'aurc three-pasa stove. 
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The cold-blast valve is a flat bell valve rising against a seat bolted into 
the top of the stove and renewable through the door in the stack in case 
of necessity. The cold-blast elbow directs the air up against the under 
aide of this valve in order to keep it cool and by this means dispenses with 
water-cooling for it. 
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Figs. 134, 135. Roberts three-ptuB store. 

Cleaning doors for the apace outside the spherical dome are pro- 
vided just below the top of the cylindrical portion of the stove, while 
cleaning doors for the portion inside the stove dome are a short dis- 
tance below these and give access to doorways through the intermediate 
wall which are bricked up when the stove is in operation but which 
may be opened to allow passage into the stove for cleaning. 

Clean-out doors are also provided at the base of the stove, opposite 
the arches which furnish communication between the second and third 
gas passes. 

The Roberts Ihree-paas stove. — The stove, the design of Messrs. 
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Frank C. Roberts & Co, of Philadelphia, and shown by Figs. 134, 
135, 136, 137, and 138, also uses the central combustion chamber prin- 
ciple, but instead of having the second and third pass^ annular, the 



Figs. 136, 137. RoberU thiee-pass stove. 

space outside the combustion chamber is divided into eight sections by 
two pairs of parallel walls at right angles to one another whose dis- 
tance apart is about the same as the diameter of the combustion 
chamber. This makes four square spaces at the opposite ends of the 
two principal axes of the stove, and four triangular spaces between these, 
as shown by Fig. 137. 

The intermediate dome of the stove, instead of being a segment of a 
sphere, is cross-shaped in plan, the 
tops of the two crosses being arched 
over with intersecting arches. The 
gases of combustion pass up through 
the central combustion chamber, then 
down through the four square areas 
within and under this cross-shaped 
intermediate dome, to the bottom. 
Fig. 138. Checker work for Roberta then up again through the triangular 
three-pasB stove. ^^^^^^ ^^ ^ ^^ ^^^ ^^^y^ 

The stove, instead of being built of circle bricks and straight bricks 
Ifud on the flat, aa is the case with the McClure stove, is built up of 
tiles set on edge and interlocking with one another, as shown by the 
isometric view. Fig. 138. The checkers are square, instead of having 
radial ends and circular sides, as in the McClure stove. 

This design is used so as to control the gas current to some extent 
and prevent its traveUng too much on one side or another, as it has 
sometimes been claimed to do in the case of the annular passages of 
the McClure stove. The cold-blast valve and inlet pipe are necessarily 
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located at the top and the current of air is directed against the chimney 
valve to keep it cooled as in the McClure stove. 

Two-pass stoves. — Commonly two-pass stoves have shared the 
preeminence with three-pass stoves in the best modern practice. In 
the case of the two-pass stove the valves are all at the ground level, 
so that any blast leakage has at least a fair chance of being detected 
by the sound it makes, and the interior construction of the stoves is the 
simplest possible. 

Only a single brick dome is required, and therefore the gas in 
passing from the combustion chamber to the checkers has only to pass 
over the top of the combustion chamber wall and down. At the 
bottom the arrangement of flues for gathering burnt gases from the 
checker work and leading them to the chimney valve, and distributing 
the blast from the cold-blast valve to the checkers is also extremely 
simple. Moreover, no space is given up to any intermediate wall of 
any kind. 

Two-pass side combtisiion chamber stoves. — Some operators claim 
that, while the central combustion chamber is theoretically correct, 
in practice the side combustion chamber type gives Uttle or no trouble 
if projjerly constructed, and, owing to the fact that the side combustion 
chamber is immediately adjacent to the gas and clean-out openings, 
it is easier to keep clean than is the central combustion chamber be- 
cause of the distance of the latter from the ojjerator, and the conse- 
quent necessity of removing the accumulation of dirt and slag in the 
center of the stove at a distance of 8 to 12 ft. from the closest point 
which the operator can reach. Moreover, the tendency of the blast 
to wander in the checker work of the two-pass central combustion 
tyjje of stove seems to be established beyond question, which is a 
serious drawback to its efficiency. 

The cross section of the checkers for a stove of this type of a given 
size is almost twice as great as that of the checkers of the second and 
third passes in the McClure stove, and this excess area causes a very 
low velocity through the checkers, so that a very small difference in 
draft on one side or another will cause a difference in the flow on that 
side. 

The chimney is necessarily at one side in this type of stove and the 
gas passing through the checkers nearest it has the shortest path to 
the stack, and for that reason the greatest flow will generally take 
place on that side, with corresponding inactivity in some other region, 
whose usefulness is thereby greatly reduced. This is for a reason 
which must never be forgotten in matters of heat conductivity to or 
from a fluid, particularly a gas, that high velocity of the fluid absorbing 
or emitting the heat is of the same order of importance as temjjera- 
ture-difiference and surface. 
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Efforts have been made to overcome this tendency by equipping 
each stove with two or even three chimney valves, but while this is 
undoubtedly good practice, and while two such valves are becoming 
recognized as correct practice, even for the side combustion stove, 
it does not, in the experience of some skilled operators, overcome the 



Fige. 139, 140. M'Kee Nebon stove. 

difficulty completely. Some recent work done in Germany makes it 
appear possible that we have neglected this question of velocity in the 
passes far more than its importance warrants and that our stove 
practice may be materially improved by paying more attention to it. 

For these reasons some operators and engineers prefer the two- 
pass side combustion chamber stove. 

The Nelson two-paaa atove. — This stove is built by Arthur G. 
McKee & Co., contracting engineers, Cleveland, Ohio. The principal 
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claims for the stove are that it secures a very large area of heating 
surface in proportion to the total cross section of the stove, and that 
there is in it a very small percentage of any brick except standard 
shapes, regularly kept in stock by brick manufacturers. 



Fig, 141. Horiiontal Bcctions of M'Kee NeboD Btovc. 

This stove ia clearly shown by Figs. 139, 140, and 141. It will 
be noticed that the back or inside wall of the combustion chamber is 
given a radius or a curvature the same as that of the front wall. This 
is a matter of much importance Ijecause when this wall has too flat a 
curvature it becomes a very weak arch and does not resist the thrust 
due to the expansion of the checker work, and in the past, before 
experience had taught this costly lesson, many stoves were put out 
of commission and required to be relined long before they would have 
been had this point been properly guarded. 

The checkers arc sqnare in shape and well bonded, and the wails 
between the flues on which the checkers are built are substantial, so 
that while these stoves have only been in use for some four or five 
years, they are well regarded and have given good service. 

Roberts two-pass Hde cotnbuslion chamber stove. — In order to meet 
the views of those who desired a stove of this type Frank C. Roberta 
& Co. also furnish one of the design shown by Figs. 142 and 143. 
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This stove uses exactly the same checkers as the Roberts three-pass 
stove. It is so completely shown by the drawings that no fuller de- 
scription is necessary. 



Fig. 142. Roberta two-pass side-eombustion stove — vertical section. 

The two-pass cenlral-combusHon chamber stove. — Some operators, 
while admitting the disadvanatge of the three-pass construction and 
preferring the two-pass type, consider the central combustion chamber 
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the beat, and a type of stove designed by Frank C. Roberta &. Co. to 
meet this demand is shown by Figs. 144 and 145. 

The type of checker work used in these stoves is of the same type 
as that used in the three-pass stove, except 
that, instead of being designed for square 
checkers, it is designed for radial bricks on 
two sides and circumferential ones on the 
other sides. This checker work is shown in 
perspective view by Fig, 145. The con- 
struction of the stove is obvious from the 
drawings and from what has been said of 
the principles on which it is baaed. It is 
provided with the ordinary accesaories in 
the way of cleaning doors, etc. 

Mr. Julian Kennedy was one of the 
first designers of two-pass central combus- ^*' ^*""*''- 
tion chamber stoves and used, instead of brick checkers, hollow tiles, 
with openings through the center about 9 in. square. The sides of 
these were radial and the fronts and backs circumferential, bo that when 
stacked up in the stove they made a series of radial checkers whose 
circumferential width gradually increased from the combustion cham- 
ber back to the lining of the stove. 

The objection to this construction was that a special shape of 
hollow tile was needed for each ring of checkers and that the parti- 
tion wall between each two checker openings being made up by the 
adjacent sides of two of these hollow tiles was split vertically, therefore 
its strength was not great, and if one of these gave way it was hkely 
to turn over and obstruct the checker completely. If this happened 
anywhere in the checker except right at the top it was practically 
impossible to fix it, and that checker was lost to the stove for the 
balance of the hfe of its lining, so stoves now generally have checkers 
of brickwork built up in the ordinary way. 

Stove valves and fittings. — Hol-blast valves. — One of the most 
important details connected with stoves is their hot-blast valves. 
Long experience with these has now developed a type which is in 
almost universal use on all stoves, subject, of course, to individual 
variation in the details. This consists of a mushroom or a poppet 
valve resting on a water-cooled seat, the valve being supported by a 
water-cooled stem. The design used by the McClure Co. is shown by 
Figs. 148 and 149. Commonly the valve is water-cooled as well as 
the stem, but in the McCIure type of hot-blast valve this is not done, 
the valves are made solid without water-cooling. The reason for this 
practice is that if water-cooled valves leak they may discharge a great 
quantity of water into the hot blast by which it is at once absorbed 
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Fig. 144. Roberts two-pass center-combustion stove — vertical eection. 

without showing the least sign, but the effect of this moisture ia highly 
detrimental to the furnace. Moreover, it is claimed by some experi- 
enced furnacemen that hot-blast valves last about as long without 
water-cooling as they do with it, and that it is better to dispense 
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Rg. 146. Roberts two-paea center-combustion stove. 
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Fig. 147. Isometric view of checkers. 



entirely with the danger of leakage even at the price of a somewhat 
shorter life of the valves. 

The stem, of course, must be water-cooled because it must pass 
through a gland which is required to make a tight joint on it in all 

positions. This would be quite im- 
possible with the stem heated to 
redness as it would be if the valve 
had been for two hours in the closed 
position. It was formerly the cus- 
tom to mount the gland immediately 
on top of the dome-shaped cap of 
the hot-blast valve, but more re- 
cently the practice has prevailed of 
putting in a long sleeve, in the 
present case about 6 ft. long, which 
is simply a loose working fit on the valve stem and carries the gland on 
its top. 

The air-cooling on the outside of this sleeve prevents the stem from 
ever getting very warm and the length of the sleeve is such that the 
portion of the rod which goes inside the hot-blast valve proper when 
it is closed does not come anywhere near the gland when raised into 
its highest position. This has brought about a great improvement in 
the conditions of operating and maintaining hot-blast valves. It 
will be seen also that a two-inch air connection is provided at the base 
of this sleeve whereby additional cooling eflfect may be secured if 
desired. 

The hot-blast valve body is covered with a cast-steel cap as shown, 
and this top is provided with a flange which makes a water box of its 
upper surface, and the water discharged into this, after cooling the 
stem, keeps it in good shape. This is, however, protected by an inside 
cast-steel cover resting on the brick lining of the hot-blast pipe. In 
many cases this cast-steel cover is replaced by two large semicircular 
firebrick tiles with a hole cut out in their center large enough for the 
valve stem to pass through, these semicircular tiles resting on the 
brickwork of the lining exactly as shown for the cast cover. 

The water-cooled seat is generally made of bronze, cast hollow to 
provide for a rapid circulation of water through it. In some cases 
cast-iron seats with a coil of water pipe cast in them are used, but in 
good modern practice the bronze seats are becoming almost universal. 
Very recently steel-plate seats of pressed sections welded together 
have been tried successfully but are not yet in general use. 

It will be seen that the hot-blast valve body is cut entirely in 
two by this seat and held together by clamp bolts which draw together 
the top and bottom portions of the valve body so as to make a joint 
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FigB. 148, 149. M'aure hot-blast valve. 
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on the top and bottom of the valve seat. This arrangement is used 
in order to facilitate the changing of these seats, which owing to the 
high temperature and the abrasive action of flue-dust to which they are 
exposed are subject to heavy wear and must be renewed quickly, 
since the blast must be off, and the whole furnace stopped, in order 
to make the change. By slacking off the right and left-hand nuts of 
the clamp bolts and screwing them out until the flat faces on the end 
of the straight portion of their shanks engage with the flat faces on 
the seat rings the latter may be forced apart by an amount slightly 
greater than the vertical height of the shoulder around the valve seat, 
and the latter can then be slipped out and a new one quickly inserted. 
When this is properly centered and the hot-blast valve body drawn 
back to place, the projecting ring or shoulder around the seat of the 
upper flange holds it securely in place. 

The hot-blast valve is suspended from a rope which passes over 
a high pulley and back to a drum mounted in bearings bracketed 
to the side of the hot-blast valve casing. The rope is given two or 
three wraps around the drum and a counterweight equal to the hot- 
blast valve and stem is attached to the lower end. A hand-wheel 
on the drum is provided and with this arrangement the stove tender 
can raise and lower this valve without difficulty. In order to facili- 
tate changing hot-blast valves, when this becomes necessary, the high 
pulley is now in some cases placed at the top of the stove. This gives 
ample height to raise the valve, not only to open it but to Uft it 
clear out of the valve chamber. The high suspension also facilitates 
swinging the valve to one side in order to lower it to the ground. 
These are details of much importance when valves have to be changed, 
since they faciUtate doing it quickly. For the same reason the bolts 
used to bolt the outside cap to the hot-blast valve casing should be 
key bolts, or else the bolt holes should be slotted to the outside so that 
as soon as the bolt is loosened it may be removed without unscrewing 
the nut all the way. 

The cold-blast valve. — A standard design for this valve has grad- 
ually been evolved, and while the individual valves used by different 
stove builders differ in details, the general principle of all is the same. 
They are all flat slide valves designed to withstand pressure from one 
direction only, since this is all that is necessary for this service, and 
are always operated by a hand- wheel and pinion. 

Figs. 150 and 151 show the design of the cold-blast valve used by 
Frank C. Roberts & Co. Its construction and operation are obvious 
from the drawings. There is one point, however, which might 
escape the casual observer and is therefore worthy of mention. The 
rack on which the pinion works to operate the valve is not rigidly 
attached to the latter, but is free to slide between the guides shown in 



HOT-BLAST STOVES 




Fig. 151. Roberlfi cold-blast vail 
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Fig. 151 within the hmits set by the stops, these come against the 
guides and through them move the valve proper. The end of the rack 
is widened out to a T-shape and this covers a slot through the main 
valve. When the valve is to be opened to put the stove on blast the 
unbalanced pressure on it is very great, and if the stove tender suc- 
ceeded in opening it in spite of the friction produced by this pressure, 
the rush of air into the stove might be so rapid as to do damage. 




Fig. 152. Spearman Burner. 



With the arrangement shown the first movement of the pinion slides 
the rack proper on the back of the main valve and thus uncovers the 
port in the latter; through this the air flows until in about a minute 
the pressure within the stove is the same as that in the blast main; 
this reUeves the friction on the valve, which can then be moved "back 
into the valve housing without further diflSculty. 

Stove burners, — Only one type of stove burner is in extensive 
use, known, from its inventor, as the Spearman burner. 

An excellent design of this by the Wm. B. Pollock Co. of Youngs- 
town is shown by Fig. 152. This gooseneck rests on a slide supported 
on a hollow base which serves as a gas inlet. When the gooseneck 
is in the position shown, the opening in its base corresponds with that 
in the slide and its end projects inside the burner opening in the stove 
so that the gas enters^and burns with the air which is drawn in around 
the gooseneck and also through the small pipe in the center. The 
purpose of the latter is to give more intimate mixture of air and gas, 
thus giving better combustion. 

When the gooseneck is withdrawn its slide closes the opening in 
the base and the opening in the stove is closed by a cap or door in 
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exactly the same way as the chimney valve opening is closed in the 
Stenbakken design. (See Fig. 159 on p. 221.) 

Much attention is being paid to stove burners at the present time 
with a view to secmring more perfect combustion by better mixture 
of the air and gas. Mr. A. J. Boynton, superintendent of the Lorain 
furnaces of the U. S. Steel Corporation, has put in use an excellent 
burner which is a decided departure from standard practice. The 
burner consists of a square casting with a round projecting nose which 
fits close against the seat ring in the burner opening. This casting 
is mounted on small wheels so that it can easily be withdrawn to 
permit closing the burner-opening in the regular way. The gas 
enters at the rear and passes through a number of flat passages cored 
through the casting. The spaces between these passageways are 
about the same size as the passages and open at the sides, these mul- 
tiple side openings being under the control of a slide on each side so 
operated as to give the same opening at each air port and to vary the 
amount from nothing to full opening. 

The gas is controlled by an independent bell valve in the supply 
pipe. This gives complete independent control of both air and gas 
supply and intimate mixture of air and gas at the nose of the burner. 

Later developments of burners are described in the chapter on 
"Combustion of the Gas." 

Chimney valves, — One of the earliest forms of chimney valves is of 
the same form as the cold-blast valve, but very much larger and water- 
cooled to withstand the action of the hot chimney gases; its seat is 
also water-cooled. Such a valve designed by Frank C. Roberts & Co. is 
shown by Figs. 153 and 154. Its construction is so clearly shown by 
the cuts as not to need much description. 

Like the hot-blast valve this valve is counterweighted and operated 
by a hand-wheel and drum around which the suspension rope passes. 
The side furthest removed from the stove is turned to a joint on the 
face and the pressure of the blast when the stove is on blast holds 
the valve to its seat. When the stove is blown off it then swings 
comparatively freely and can be raised by the operator without much 
difficulty. 

A mushroom valve of the same type as that used for hot blast has 
also been largely used in the past. A type of this valve designed by 
Frank C. Roberts & Co. is shown by Figs. 155 and 156 (page 219). 
This also is water-cooled and operated exactly like the hot-blast valve. 

Valves of these two types, however, have proven very large and 
unwieldy and rather troublesome in operation, and there has been a 
strong tendency in the last few years to develop a type of valve which 
was more accessible, could be more easily operated, and which did not 
require water-cooling. One of the first and most successful of these was 
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Figs. 153,154. Roberta dide chimney valve. 

the Kennedy-Morrison valve shown by Fig. 157 (page 220). This 
valve is exactly on the principle of the Spearman burner except that 
it makes as close & joint as possible against the reinforcing ring around 
the chimney opening in the stove, so as to prevent the ingress of any 
outside air to the flue. When the elbow which carries the burnt gas 
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from the stove to the underground flue is withdrawn its slide seals 
the flue opening exactly as in the Spearman burner, and the opening 
in the stove is sealed by a cap held to place by one or more screws 
mounted in swinging yokes, these screws forcing in the ends of a cross- 
bar or ** spider" pivoted to the center of the cap. (See Fig. 158 on page 
221.) 





Figs. 155, 156. Roberts mushroom chimney valve. 



The Inland Steel Company has in use a modification of this valve 
designed by its chief engineer, Mr. Ole Stenbakken, in which the goose- 
neck instead of sliding back and forth rests on a circular seat, the 
center of the circle being set ofif from the central plane of the goose- 
neck proper so that when the gooseneck is revolved around this base it 
is withdrawn from the stove, the opening is then closed by a cap as in 
the Kennedy-Morrison burner. The construction is shown by Figs. 
158 and 159 (page 221). As these goosenecks are very large and heavy 
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it is desirable to reduce the amount of movement and effort required to 
operate them to a minimum and this is admirably accomplished by the 
rotation of the gooseneck around a vertical axis; its opening, when 
removed from the stove, is closed by a light steel door. 

The chimney valves which are used on the three-pass type of 
stoves have been shown in conjunction with those stoves and do not 
need further comment here. 



YAlve In Op«n Porftlon after 
Gap U Bamoved 

YalTe In OloMd Poaitioa 




Fig. 157. Kennedy-Morrison chimney valve. 

BlovH)ff valves, — In addition to the valves above described, there 
is also an air blow-off valve provided, the function of which is to blow 
off air left in the stove when it is taken off the furnace, since, of course, 
the stove must retain the furnace pressure after its outlet valve is 
closed. This blow-off valve is placed close to the bottom and is some- 
times arranged to open quickly w^ith a lever instead of with a screw, 
so that as violent a current of air as possible will blow out through it 
and thereby carry as much dirt as it can from the passages around the 
base of the stove. 

The construction of this valve as used in the McClure stove is 
shown by Fig. 160 (page 222). It will be seen that the elbow in which 
the valve is mounted is arranged to swing as a whole so that this open- 
ing serves as a cleaning door as well as a blow-off. 

Stove castings. — In former times the reinforcing rings around doors, 
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valves, burner openings, etc., were made of cast iron, but the liability 
of cast iron to crack when subjected to expansion and contraction 
stresses, and the enormous difficulty of getting at the rivets holding 
these to place after the stoves are bricked up has brought about the 
adoption of steel castings for these fittings in all good modern practice. 
These are somewhat more expensive in first cost but the failure of a 
single cast-iron fitting after the stove was in operation would involve a 
loss several times greater than the whole difference in cost between 
cast-iron and steel fittings. 




Figs. 158, 159. Stenbakken chimney valve. 

Packing, — It is almost unnecessary to remark that as the steel 
shell of the stove is exposed to the air and protected by heavy brick- 
work, it remains comparatively cool while the bricks are heated far 
beyond the red heat. Therefore, the brickwork expands several times 
more than the shell. 

It is also characteristic of brickwork that while it expands when sub- 
jected to heat it tends not to contract to the same amount, and there- 
fore is subject to a small but permanent growth. For this reason the 
shell of a stove must be considerably larger than the outside diameter 
of the brickwork, and in order to exert a certain amqunt of pressure 
against the bricks and keep them to place this space must be filled 
with some yielding material. Some constructors {U'efer to use for this 



222 



BLAST-FURNACE CONSTRUCTION 



purpose pumice-cinder, others clay, and others again a mixture of these 
materials. 

A similar provision must be made for the vertical expansion of the 
brickwork and the brick dome of the stove must be left many inches 
below the shell when the stove is lined. There is not the same neces- 
sity for packing material in this space as gravity tends to hold the 
dome to place, and this space may, therefore, be left open without 




Fig. 160. Blow-off valve. 

detriment. During recent years much attention has been paid to 
radiation losses and means for preventing them. Infusorial silica has 
been suggested as an insulator and should be an ideal one both on 
account of its tremendous insulating power and its ability to reduce 
its bulk under pressure. 

Stack for stoves. — Mechanical draft has never been applied to hot- 
blast stoves so far as I know, their draft always being supplied by a 
stack. 

The three-pass stoves each have their individual stack resting on 
top of them. In the case of the two-pass stoves the choice of two 
styles of construction is possible. One is to have a single stack for a 
battery of three or more stoves, the entire complement of one or two 
furnaces. The other alternative is to have a single stack for each 
stove directly connected with it. 
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The former practice is very much the more general, and in my 
judgment much to be preferred, since one large stack is undoubtedly 
cheaper than three or more small ones of the same total capacity. 
Moreover, if it be desired to cool off one stove for repairs and it be 
connected only with its own individual stack, no air can be drawn 
through it after it has cooled off a httle, because there is no difference in 
temperature to produce a draft, although the stove may be far too hot 
to work in or even to enter. But if all the stoves are connected to a 
common stack then the chimney valve may be opened to some extent 
on the stove which it is desired to cool off without seriously impairing 
the draft of the other stoves and the cold air thus drawn through it 
will cool it down to a temperature at which it can be entered and 
repaired, in a small fraction of the time in which it would cool to the 
same extent without this assistance. . 




Fiz- 161. Cylindrical stove top. 

The domes of stoves. — In the early days many stoves were fitted 
with a cylindrical top as shown by Fig. 161 and this shape conforms 
with the mechanical requirement that all sections of the stove shall 
be circular in order to resist deformation, but this style of top is diffi- 
cult and expensive to fit and seems particularly liable to give out along 
the square corners where the horizontal cyhndrical surface of the top 
meets the vertical surface of the stove body, and stoves are now almost 
universally fitted with either conical or spherical tops. 

The bottom and base ring of stoves. — The brickwork within bottom 
sheet of the stove must of necessity carry all the rest and thb ring is, 
therefore, not capable of repair except by tearing out practically the whole 
lining of the stove. The principal point of corrosion about stoves ap- 
pears to be where the cylindrical surface meets the bottom plate, and 
owing to this corrosion old stoves are liable to fail at this point sooner 
than almost any other, the base ring contains nearly all the openings 
made into the stove for cleaning-out doors, valves, etc., and its strength 
is thereby greatly reduced. For these reasons the bottom ring should 
be made of heavier material than the rest of the stove. 
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The stove base instead of being set down flat on a masonry founda- 
tion, as formerly, now generally rests on a set of T-rails placed close 
together; this carries it up off the ground and prevents corrosion to a 
large extent. 

The joint where the bottom sheet meets the side sheets should 
always be made with the utmost car^ and almost without regard to 
expense. It is very doubtful if flanging is a good construction at this 
point. A heavy angle bent to the circle and riveted to the bottom and 
side sheets furnishes a better construction. 

The size of the checkers. — It has been the practice in the past to 
make the checkers about 9*^ square since smaller ones could not be 
maintained in operation, but this practice is now beginning to undergo 
a change which is likely to be very rapid. 

Until quite recently gas cleaning was not practiced to any consi- 
derable extent in this country, while the blast-furnace gas produced 
here probably carries more dirt and fine ore than that of any other 
country, because of the predominant portion of fine sandy ore used. 
This dust is carried into the stove by the gas and deposits on the 
brickwork which, of course, is composed largely of silica; under the 
intense heat to which this brickwork is exposed the iron ore constitut- 
ing the larger portion of the flue-dirt is fused to the brickwork, and 
the wall of the combustion chamber soon becomes glazed over and 
finally is slagged away by this action, so much so that a false wall is 
always built in the combustion chamber, so that this wall may be 
renewed when it is burnt out without affecting the stove as a whole. 
In one plant, formerly under my management, we never counted that 
these walls would last over eight or nine months without repair, and 
this was due almost entirely to the slagging action of the iron ore 
carried by the gas. 

In the checkers the conditions are not quite so bad, because the 
temperatures are much lower, but vast quantities of dirt settle on these 
in light flocculent masses, about the best non-conductor of heat which 
could be foimd. These flocculent masses greatly reduce the flow of 
gas through the stove and seriously impede the passage of blast through 
it also. Therefore, it is now necessary at intervals to take each stove 
off the furnace for several days, cool it down so that it can be entered, 
put men in the upper dome and clean these checkers by .dropping 
through them weights suspended from a rope or chain. This is a 
highly laborious performance, and from the nature of the case more 
or less ineffective. In order to carry out this operation at all, it is 
necessary to lose the use of the stove for from one to two weeks under 
the best conditions, and during that time, unless the furnace is more 
than usually well provided with stove capacity, the blast is improperly 
heated, and the fuel economy of the furnace suffers. 
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In recent years it has been found that with the exercise of a. cer- 
tain amount of care the gas can be scrubbed practically free of these 
impurities at comparatively small expense. This eliminates the neces- 
sity of allowing for a coating of flue-dust from one to three inches 
thick on all sides of the checkers. When this is done it becomes a 
simple matter to use checkers six inches square which are not only as 
good as, but much better than checkers nine inches square when dirly 
gas is used, even smaller checkers are now being used. 

It is obvious that the amount of heating surface which can be put 
into a given stove with six-inch checkers is far greater than that which 
can be put into it with nine-inch checkers and this means that the 
stove capacity needed to supply a given amount of heat to the blast 
may be more cheaply obtained, not only in operating cost but also in 
first cost, by putting in a gas-washing plant to supply clean gas, and 
using somewhat smaller stoves with smaller checkers. The smaller 
stoves so designed contain more heating siurface and maintain a higher 
efficiency than the larger stoves under the old conditions with dirty gas. 

The number of stoves per furnace. — There is no theoretical reason 
why one iron-pipe stove should not be sufficient for a furnace, because 
it is an apparatus which works continuously by the conduction of 
heat through metal walls exactly as a boiler does. Barring repairs 
it could run on indefinitely, and small furnaces in the early days were 
frequently run with only one .stove. 

As a matter of fact, especially at large furnaces, the number of 
stoves is increased for two reasons: First, it is difficult to build a single 
unit large enough to heat the quantity of blast required for a large 
or even a moderate-sized furnace, and at the same time to design it 
so as to give good control of the heat in all parts. Second, after a 
certain point is passed it costs no more to build the required stove 
capacity in two or three units than it does in one, while if there be, 
say, three stoves on a furnace, then, when one of them requires repairs 
the other two are still able to heat the blast to a very valuable extent; 
whereas, if only one stove be provided, when this goes down for repair 
the furnace must shut down because it is commercially impossible to 
nm a furnace on cold blast. 

For these reasons two or three iron-pipe stoves are commonly pro- 
vided per furnace when that type is used. 

In regard to the capacity and efficiency of these, little or nothing 
is known. As a matter of experience it can be stated that the stove 
illustrated in Figs. 126, 129 is capable of heating six or eight thousand 
feet of blast per minute up to 850° F. without such overcrowding as 
will destroy it too rapidly. In regard to economy and efficiency we 
have not even the guide of general experience to help us, because there 
is no way to get at the quantity of gas consumed by one of these 
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stoves without careful experiments on gas flow, etc., which, as far as 
I know, have never been conducted. 

It may be safely stated that the efficiency of the Durham type of 
stove, that is the parallel-current type, is quite low, because the chim- 
ney gases must be discharged at a temperature of twelve hundred or 
more, and even with theoretically perfect combustion this involves a 
loss of over 50 per cent, of the heating value of the gas. 

Turning now to the firebrick stove, the conditions are entirely 
different from what they are in the case of the iron-pipe stove, since 
it is impossible to get along with less than two of these, one of which 
is being heated up while the other is giving up its heat to the blast. 
Furnaces were originally operated with only two stoves of this type 
but this condition has long since passed away. Less than three are 
never contemplated, four is only ordinary good practice, and five have 
been installed with extremely satisfactory results at some plants. 

The reason for the increased number of stoves is twofold. First, 
to have one in reserve, or at least be in a position to spare one for 
repairs without crippUng the plant; second, because the heating of 
the blast by this process is an intermittent operation, and therefore 
the temperature of the blast fluctuates with the condition of the 
stove. When the stove is first put on it has been heated up to a high 
temperature, which falls as it gives up its heat and the blast tempera- 
ture is therefore constantly falUng. 

When only two stoves are provided these variations are so great 
as to cause serious irregularities in the work of the furnace. By add- 
ing a third stove and burning the gas so as to give them what steel 
men know as a ** soaking heat," their temperature falls much less 
rapidly while they are on blast. The fact that the relative time on 
gas is doubled while the time on blast remains the same contributes 
much to this result. This greatly reduces the irregularities due to the 
intermittent action of the apparatus. 

But, when one stove requires to be taken out of service for repair 
the furnace is then thrown back onto the two-stove condition. This 
cuts down the heating surface to two-thirds and reduces the average 
blast temperature materially as well as making serious irregularities 
in the temperature curve. Therefore, in order always to have the 
benefit of three stoves, four must be provided; this gives three hours 
on gas for one on blast, which is a step better than the condition exist- 
ing when three stoves are used. 

Four stoves introduce the possibility of operating along a somewhat 
different plan, with the object of eUminating inequaUties of blast tem- 
perature still more. This plan is to blow through two stoves simul- 
taneously, leaving them each on blast one hour, but changing them 
at alternate half hours. This reduces the time of the stove on gas 
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to one-half the total time, but halves the amount of heat taken out 
of it at any period. It involves somewhat more work for the stove 
tender, but practically halves the variations of blast temperature from 
maximum to minimum. 

Here, again, we come to the necessity of occasional repairs neces- 
sitating a return to three-stove conditions, and this has caused many 
operators to consider five stoves a good investment, because then four 
stoves can always be maintained in operation, even when one is being 
repaired, and when all five are available each one can be left on gas 
for three hours and on blast for two hours, with still better results in 
eliminating irregularities in the blast temperature and maintaining a 
high average temperature without driving the stove too hard when it 
is on gas. 

It will be seen, then, that the number of firebrick stoves to be sup- 
plied per furnace depends to some extent upon natural conditions, 
which we cannot control, and that if the best results are to be attained 
under present conditions, not less than four must be supplied. But, 
since the introduction of clean gas at some plants, it has been found 
that the stoves do not need to come off during an entire blast for either 
cleaning or repair, and this fact in addition to the increased economy 
and greater heating surface attainable as a result of clean gas have a 
tendency to reduce the number of stoves required, and it may well be 
doubted if five stoves will in future be installed at plants originally 
designed to use clean gas. It may be that the number required will 
fall to three. 

Equalizing the blast temperature. — The proposal has been made by 
several blast-furnace engineers ana operators to apply an equaUzer to 
remove the objectionable peaks from the charts of blast temperature, 
and several of these apparatus have been built. One of the few in 
this country was that built by John S. Kennedy and the late John 
M. Hartmann at the Musconetcong furnace. Stanhope, N.J., which 
has been most successful in operation. 

This apparatus is practically a small stove without combustion 
chamber or valves, filled with very small checker work through which 
the blast passes on its way from the stoves to the furnace. When the 
blast is very hot from putting on a fresh stove the excess heat above 
the average is given up to the checker work in which it remains stored 
until the temperature of the blast falls below the average, owing to 
the cooling of the stove, when this stored surplus flows out and makes 
up the deficiency. 

Mr. Kennedy has told me that this apparatus smoothed down the 
**saw teeth" on the blast temperature charts so that the maximum 
temperature difference for long periods continuously was less than 
twenty-five degrees. Without such an apparatus the drop in temper- 
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ature between putting on and taking off a stove will run from 50® to 
150**, depending on the number of stoves and how they are handled. 

Another method for obtaining a uniform blast temperature is by 
the use of a cold-wind mixing valve. This valve is located on the hot- 
blast main into which it opens and is connected with a branch from 
the cold-blast main. By opening this valve cold blast direct from the 
engine can be admitted into the hot-blast main, thus cutting down the 
temperature of the blast by admitting a considerable quantity of this cold 
air as a fresh stove is put on the furnace and gradually diminishing this 
quantity down to nothing, at or near the time when the stove comes oflf. 
• By this means the blast temperature may be maintained uniform, 
but this method is open to two objections: First, that the uniform 
blast temperature is, in that case, the lowest temperature furnished 
by the stoves instead of the average, and, second, the equalization 
depends wholly on the skill and fidelity of the stove tender, and if 
done properly requires such frequent attention by him as to militate 
against his assisting at other work. 

Attempts have been made to provide an automatic control of this 
valve, which would relieve the stove tender of the duty of regulating 
it and would give perfect equalization of the blast temperature, but 
so far as known to me none of the apparatus designed for this purpose 
is now in regular commercial use. 

The size and heating surface of stoves. — Practice in regard to 
these matters in the past has been based on general experience and the 
belief of the furnace man or engineer that stoves of about such a size 
would be sufiicient to supply the hot blast for a given furnace. It is 
not a rule but it seems to be according to general practice that the 
diameter of the stove shall be about the same as the bosh diameter 
of the furnace, and that its height shall be as a minimum that of the 
fumac§ and from that up to twenty or twenty-five per cent. more. 

Until recently but Uttle attention was paid to the quantity of 
heating surface furnished per foot of stove height, but there is evidence 
that this condition is passing and that within a few years stoves will 
be bought on their heating surface, practically as boilers are to-day. 
This has been impossible except in the most general way in American 
practice until now, because the hard driving of American furnaces, 
combined with the enormous percentage of extremely fine ore used at 
seventy-five per cent, of them, has made an exceedingly dirty gas, and 
this dirt depositing on the checkers in the way already described has 
reduced the efiiciency of the stove in proportion to the extent in which 
it has been allowed to accumulate, so that stoves kept clean and under 
good management at one plant are capable of heating a given quantity 
of blast to a much higher temperature than similar stoves at another 
plant where they are not properly cleaned. 
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To a large extent these conditions have been past control and abso- 
lutely past all calculation. General experience has, therefore, been 
practically the only guide. With the introduction of primary cleaning 
for all the gas, that which goes to the stoves will be in vastly better 
condition than it is now, the stoves will stay clean for far longer periods 
and will have not only a higher but a more definite efficiency. 

The advantages of smaller checkers already pointed out, which 
become available under those conditions, will cause competition among 
stove builders to give the maximum amount of heating surface per 
stove, and we shall gradually reach the place where the capacity and 
economy of stoves are as well imderstood as that of any other apparatus 
around the plant, a condition which certainly does not exist at the 
present time. 

There has been in recent Elnglish and American literature little or 
nothing on the hot-blast stove from the operating point of view, but 
in December, 1912, Mr. A. N. Diehl pubUshed before the Engineers' 
Society of Western Pennsylvania a very valuable paper giving the 
results of long and careful investigation of the subject, and in October, 
1913, in a discussion of the subject of gas cleaning before the American 
Institute of Mining Engineers he contributed additional data on the 
subject. 

His tables I and II (pages 230 and 231) from the first-mentioned 
paper are reproduced here and will repay careful study. 

With clean gas the efficiency of the stove is raised considerably, 
according to Mr. Diehl's later figures, from 56 per cent, to 64 per cent. 
This is not a decrease of 8 per cent., but of 12^ per cent. (8■^ 64) in the 
gas consumption of the stove and, what is much more important, it 
brings with it the possibility of obtaining higher blast temperatures 
with a given equipment of stoves and by this means reducing the 
coke consumption of the fiu-nace. 

Table I shows the advantage of having a sufficient amount of heat- 
ing surface for the given conditions, and as the use of clean gas makes 
permissible the use of smaller checkers and thereby increases the heat- 
ing surface, it may be said that the effect of clean gas is cumulative 
in its influence on stove design and operation. The best practice as 
brought out by Mr. Diehl's paper and its discussion favors the use of 
not less than four and preferably five square feet of heating surface 
per cubic foot of blast blown per minute measured by piston displace- 
ment. When four stoves are used this would mean from one to one 
and a quarter square feet of heating surface per stove for each cubic 
foot of blast blown per minute. 

This will obviously vary to some extent with the conditions. When 
high heats are regularly required, as with the use of lean and refrac- 
tory ores, more heating surface should be provided than with soft and 
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reducible ores which ordinarily do not need such high heats. On the 
other hand, when there is no use for the surplus gas it may be better 
to save in the size of the stoves and burn the gas less economically 
in them to get the desired heat. 

Since this section was originally written there have appeared ac- 
counts of recent experiments in Germany in which the heat imparted 
to the stove was greatly increased by increasing the velocity of the 
gas through it, first by an air jet in the combustion chamber and in 
the later experiment by use of a fan to increase the draft. It is claimed 
that by the use of this system so much heat can be stored in each stove 
that only two are needed per furnace. 

The accounts are too incomplete, and it is too early in the develop- 
ment to say what the final result will be, but with the vast improve- 
ment made in the operating conditions of stoves by clean gas there is 
no doubt that many improvements will follow and that increasing the 
velocity of the gas and blast through the checkers is one of the best 
ways to increase the rate of heat transmission. 

As the efficiency of stoves increases it is very likely that fans will 
be used to provide draft for them for the reason that high efficiency 
can only come with low stack temperatures. Chimneys only provide 
good draft with fairly high temperatures and with a consequent waste 
of much heat. Therefore, it seems natural to expect that this conflict 
of requirements will be solved by the use of a fan whose performance 
becomes increasingly better as the temperature falls and which give^ 
absolute control of conditions of draft, rate of combustion, etc. 

The limit of possibility in reducing stove capacity is set by the 
amount of heat it is possible to store in a given weight of brickwork 
with a reasonable increase in its temperatiu*e, for if too great a drop 
in the temperature of the brickwork be necessary more gas is required 
and this limitation must be carefully considered in any plan for reduc- 
ing the stove capacity. 

Within the last year or two where clean gas is available stove heat- 
ing surface is increased by making the side of the checker bricks wavy 
instead of straight. No detailed results of this practice are available. 

Three stoves with clean gas and high gas velocity may easily be 
better than four without those advantages, but whether it will ever 
pay to reduce the number of stoves below three may well be doubted 
until overwhelming proof is offered. 



CHAPTER VI 
T^ CONSTRUCTION OF THE BLAST-FURNACE STACK 

The conditions to be met. — In the construction of the blast fur- 
nace the conditions to be met are diverse and to some extent conflict- 
ing. The efforts to meet them have been almost innimierable, and 
the most varied types of construction have been used for almost all 
portions of the furnace. An outline of the requirements to be met 
will assist in explaining the types of construction used. 

Resistance to temperature. — Resistance to temperature is necessary 
to some extent throughout the furnace, but particularly in the hearth 
and bosh. The temperatures in these regions in the days of cold-blast 
furnaces were moderate, probably around 2200® to 2400** F., and 
were resisted with some success even by natural refractories such as 
sandstone, which was sometimes used for the bottom and for the lining 
of the hearth and bosh of furnaces, even in coke practice, within little 
more than a generation. 

But with the development of the furnace in the direction of greater 
output, and the more accurate control of the quality of the metal pro- 
duced, the requirements have steadily grown more severe. Tempera- 
tures in the hearth and bosh in coke practice now probably range 
from 2500** to 2800**, these being the temperatures of the iron and 
slag as they come from the furnace, but it is almost certain that even 
higher temperatures exist around the tuyere zone. Probably 3000® 
is not far from the working temperature prevailing in that zone 
in many furnaces. This approaches the temperature at which all 
materials lost a great portion of their resistance. If they do not melt 
they soften and are easily deformed or abraded. 

Resistance to chemical auction. — The lining of the blast furnace is 
probably exposed to more diverse chemical conditions than that of 
any other apparatus in industrial use. Iron itself, when molten, par- 
ticularly before it is completely carbonized, is exceedingly active chem- 
ically and will dissolve or react with almost anything with which it 
comes in contact, especially substances in their elementary condition. 

In the early days when sandstone was used as a refractory, slags 
used in coke practice were relatively neutral — that is, they were what 
would now be called very acid. The requirements were then not nearly 
so severe in the matter of desulphurization, and as a consequence not 
much more lime was added than enough to make a fusible slag. But 
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as the demand for a purer product has grown, more and more base 
has been added to the slag until now its chemical activity in most cases 
is intense. Few materials with which it comes in contact can long 
resist its solvent action unless protected by water-cooling and so kept 
below the temperature at which they can be attacked. 

As we go further up in the furnace we come to the zone in which 
the cyanides resolve themselves into different chemical compounds of 
great chemical activity in consequence of their composition and their 
nascent condition. We have here alsa an atmosphere consisting almost 
wholly of nitrogen and carbon monoxide nearly at a white heat initially, 
which gradually decUnes as the top of the furnace is approached. The 
reducing power of carbon monoxide under these conditions is enormous 
and is reinforced by the presence of incandescent carbon itself in the 
bosh of the furnace. Therefore, any metalUc oxide in the lining which 
is subject to reduction by either of these agencies would be immedi- 
ately reduced with consequent destruction of any refractory of which 
it composed a part. It is probable that many mysterious cases of 
bad results with firebrick in the early days of their manufacture were 
caused by the presence in the brick of iron, which being reduced by 
the action of the furnace caused disintegration of the brick and the 
early destruction of the Uning. 

The fume in blast-furnace gas which gives the white color to the 
waste gas from a hot working furnace contains an appreciable quantity 
of soda and potash; these are liable to be precipitated by the decreas- 
ing temperature toward the top of the furnace, and to have a highly 
solvent action on the siUca of the lining when this happens. 

When zinc and lead, particularly the former, are present in the 
charge, even in almost infinitesimal quantities, they are vaporized and 
have a variety of actions on the lining which is almost incredible to 
one who has not torn out linings subjected to these conditions, as I 
have many times done. As an instance of the peculiar actions which 
this substance has, it may be illuminating to describe what I once 
saw in the bosh of a furnace blown out for repairs to the upper Hning, 
the bosh being good and left intact. 

The furnace was blown until the stock had been burnt out below 
the level of the tuyferes, and crawUng in through a cooler opening as 
soon as the little material remaining in the hearth could be cooled 
down suflBciently, I was astonished to see what looked like little stalag- 
mites, yellowish white in color, varying in length from two inches to 
six or more, and about a quarter of an inch in diameter at the base, 
standing up all over the bosh wall. When touched they fell to pieces 
and it was with great diflBculty that some specimens were taken out 
whole. They were hollow, with walls only about as thick as wrapping 
paper, and very Ught and flocculent, hardly more than dust. Careful 
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examination showed that they were the oxide of zinc which had been 
contained in the brickwork of the bosh/ presumably in some sort of 
state of solution, until after the pressure of the blast had disappeared. 
The oxide had then exuded, or more properly perhaps I should say 
"sublimed" out of the brick into the solid condition, and, being car- 
ried upward by the air let in at the tuyeres to cool off the furnace, 
it formed these little stalagmites. 

In tearing down the brick outer walls of the older types of 
furnaces I have found large lumps of crystals of silicate of zinc in 
cavities in the lining at a distance of four or five feet from the nearest 
point to the inside of the furnace. 

I have seen bricks taken out of the old lining apparently perfect in 
size and shape but somewhat dark in color. When lifted these were 
found to be two or three times the weight of ordinary bricks and if 
measured carefully would be found to be half an inch larger in each 
dimension than the original brick from which they had grown. The'sei 
were saturated with zinc oxide, which had swelled them as a whole 
without the least sign of cracking, the bricks being firm and, if any- 
thing, stronger than in their natiural condition. 

These instances are mentioned only to show the vast variety of 
chemical actions which the lining of the fiurnace must resist. 

Resistance to abrasion by the stock. — About one-half, by volume, 
of the charge of the furnace in almost all cases is coke, one of the most 
highly abrasive substances known. In practically all cases also Umie- 
stone is added to the charge in the condition of lumps sometimes of 
the size of a man's head or larger, but more generally crushed down 
at least to go through a 4-in. ring. The balance of the charge is made 
up of ore which varies from the soft condition of a plastic clay to the 
condition of one of the hardest of the common rocks, according to the 
variety. These materials are put through a modern furnace 90 ft. 
high, at the rate of something like 1700 or 1800 tons in twenty-four 
hoiurs. The limestone and the ore as they approach the hotter zone 
are softened if not reduced to powder by the action of the gas upon 
them, but the coke remains firm. and hard until it is burnt up at the 
tuyeres. 

The abrasive action of such a mass of material even at atmospheric 
temperature would be considerable, but when it is remembered that 
in the lower portion of the furnace temperatures prevail which are 
above the softening point of any material available, it is obvious that 
the abrasion by the descent of the charge alone must present a problem 
to be reckoned with. 

Resistance to abrasion by the gas current. — The velocity of the gas 
through the shaft is exceedingly high, probably higher than is realized 
by those who have not actually estimated it. I believe in ordinary 
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modem practice it is never less than 1000 ft. per minute, and more 
probably double that. This gas is necessarily filled with fine particles 
of material from the stock, which is in a constant state of agitation 
due to its descent, so that the fines are swept out of it almost as chaff 
is separated from wheat. These fines are picked up and carried by 
this great volume of gas moving at this high velocity. Most of the 
particles impinge on the solid stock, but many of them strike the fur- 
nace walls and exert thereon the action of the familiar sand blast. In 
this case also we must remember that the resisting material, at least 
in the lower regions of the furnace, is softened by heat so that much 
of its resistance is gone, and it becomes evident that we have here a 
form of destructive energy whose effects cannot be ignored. 

Resistance to pressure. — It is absolutely necessary that the furnace 
be gas-tight in the same way, and as nearly as possible to the same 
extent, that a good boiler is steam-tight. The pressures, it is true, are 
not as high as modern boiler pressures, but they range from 10 to 30 
lbs. per square inch in modem practice, probably averaging in Lake ore 
practice around 15 lbs. 

The effect of pressure in promoting reaction, especially when gases 
are concerned, and its effect in giving density and carrying power to 
the gas currents, are probably factors in the situation, but the prin- 
cipal point is that if this pressure be not resisted at every point gas 
will find the weak spot, and, traveling through it will carry heat and 
chemical action to assist the destructive effect of the pressure. The 
pressure-resisting quality of the structure comes from the steel shell 
outside the lining, but this is quickly destroyed if the conditions pre- 
vailing within the furnace proper strike it, and with its destruction the 
whole structure fails. For this reason resistance to pressure is one 
of the prime conditions to be met. 

The constructions adopted. — Had the builders of those tiny furnaces 
which dotted the Central Eastern states in the first half of the last 
century been shown these formidable specifications before having prac- 
tical knowledge of the subject they would undoubtedly have thrown 
up their hands and ceased all efforts to meet such apparently impos- 
sible conditions. But, as a matter of fact, they had not the disad- 
vantage of this knowledge, for disadvantage in their case it would 
have been, since the practice to which they were accustomed involved 
difficulties constituting only a fraction of those outlined above. This 
was due to the lower temperatures and the lower rate of driving, with 
its reduction of abrasion both by gas and by stock, and perhaps most 
important of all they did not dream of such pressures as we now con- 
sider right and proper. 

In happy ignorance, therefore, of the conditions which their suc- 
cessors would have to meet, they built stacks of stone, truncated pyra- 
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mids, one side of the base almost as long as the stack was high. In 
the earliest days all these were built, as I have already described, 
against and into a hill. Only one tuydre was used. No distinction 
was made between supporting structure and Uning. The stack was 
simply a truncated pjrramid 20 to 40 ft. high, with a hole some 6 or 
8 ft. in diameter through it, hardly different from a square chimney 
with a round flue, except of more squatty proportions. In one side was 
an archway into the stonework which gave access to the single tuyfere, 
the forehearth which I have previously described, and the tapping 
hole. 

This simple pile of masonry resisted the pressure of the blast, the 
heat of the combustion, the abrasive action of the stock and the chem- 
ical action of its heterogeneous contents. 

The gradual increase in output from those days to our own brought 
changes in construction, and these in turn permitted greater outputs 
which again required other changes of construction, and so, with each 
successful step helping toward the next, by slow, painful and costly 
progress we have passed from those primitive conditions to those pre- 
vailing to-day. 

Two of the earUest changes were the substitution of firebrick for 
the Uning of the stack and the provision of an archway in each side of 
the structure with a tuyere in each arch instead of only one. More 
probably in many cases three of the arches were used for tuyeres; in 
the fourth the tuyfere was left out in order to make room for the fore- 
hearth, tapping hole, etc. Gradually, as the proper shape of the fur- 
nace was evolved, the hearth structure became separated at the base 
from the piers of masonry which supported the whole stack, and finally 
it became evident that it was desirable to increase the distance between 
these so as to provide greater access to all portions of the hearth. In 
course of time also the stone stack with its binders of hewn timbers 
gave way to a brick stack banded with flat bands like a tank, the struc- 
ture passing from square to round in its exterior shape, the lining being 
of firebrick and fully differentiated from the stack proper. 

About 1860 this structure was superseded at one of the Lake Cham- 
plain furnaces by a shell riveted up of plate iron standing on cast 
iron columns, and lined with firebrick, the prototype of the structure 
used to-day. 

The photograph of a modem furnace is shown by Fig. 162 (page 238). 
The stack is at the right. A section drawing of a different but similar 
furnace, with its hoist is shown in Fig. 163 (page 239). 

It will be seen that there is a foundation of concrete 13 ft. below 
the ground level and 39 ft. in diameter, upon which the whole structure 
rests. An annular foundation of brickwork upon this supports the basses 
of the columns, ten in number, each 25 ft. high and 2^ in. thick. 
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Upon these columns rests a heavy ring, of structural material better 
shown in detail in Fig. 164 (page 240), and to this "mantle" is riveted 
the shell of |-in. steel plate, 36 ft. in diameter at the bottom and 23 ft. 
11 in. in diameter at the top. This shell is riveted up with the same 
class of workmanship as that used in the best steam boilers. Within 
this shell is the brickwork about 4 ft. thick at the level of the mantle 
and maintaining nearly this thickness all the way to the top. Below 



Fig. 162. Modern blast furnace atack with stoves and dustcatchers. 
Built by Wiltiam B. Pollock Company. 

the top of the mantle the brickwork is thinner down to the tuyferes 
and then below the tuyferes thicker again, finally uniting with the fur- 
nace bottom, which consists of some 8 or 9 ft. of solid firebrick work 
on the concrete foundation. 

This structure is, in broad outlines, typical of the standard construc- 
tion of to-day, but the variations of detail are almost as numerous as 
the individual furnaces. It is impossible to describe all these varia- 
tions individually, but by dividing the furnace into zones we may deal 
in some detail with the conditions to be met and the approved forms 
of construction in each. The zones in which the furnace should be 
divided for this purpose are the hearth and bottom, the tuyere zone, 
the bosh, the shaft, and the top. 

The bearth and bottom. — The necessity of resistance to chemical 
action for the furnace as a whole has been briefly described above. 



CONSTRUCTION OF BLAST-FURNACE STACK 



Fig. 163. Vertical section of "A" ruroace, Bethlehem Steel Company. 
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Fig. 164. Hearth and bosh of Inland Steel company's "B" furnace. 

This is particularly necessary in the hearth and bottom because these 
actions are the most intense in that region and because the conse- 
quences of failure of these structural parts "are so disastrous. 

The hearth of a furnace just before the cast time contains normally 
60 to 80 and may readily contain 150 tons of molten iron and 20 to 
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40 tons of slag. The effect of pressure in intensifying chemical action 
has already been mentioned and in the hearth this condition is aggra- 
vated by the fact that the pressure due to the depth of metal and of 
slag on top of it, is added to the pressure of the blast which, of course, 
is highest at the tuyferes. We may have, therefore, a depth of 7 or 
8 ft. of metal with 2 or 3 ft. of slag laying over it, exerting a pressure 
of 3 lbs. per square inch for each foot in depth of iron, and about 1 lb. 
for each foot in depth of cinder, so that we can easily have a liquid 
pressure of 25 or 30 lbs. in the bottom of the furnace in addition to the 
15 lbs. of blast pressure in one properly working or perhaps 30 lbs. in 
one working irregularly, so that the total pressure in the hearth of the 
furnace may easily approach 50 lbs. per square inch. 

If this be not firmly resisted, if the least yielding takes place a 
crack will occur in the brickwork and the metal instantly following 
this crack will approach the outer wall of the structure which supplies 
its physical strength, and if it succeeds in reaching this at some point 
not completely protected, the stream of liquid iron will quickly cut a 
hole through the iron or steel jacket aroimd the brickwork, and the 
stream of metal flowing through this hole will enlarge it with a rapidity 
which is almost beyond belief except by those unfortunates who have 
had experience with this action. 

In one case which came under my personal experience the stream 
of iron cut through the hearth jacket a hole elliptical in shape and 
about 3 ft. long by 1 ft. high with its long axis horizontal. Even if 
the hole be many times smaller than this the liquid contents of the 
furnace are ejected through it in a few minutes, under the combined 
action of their own weight and the pressure of the blast, and this vast 
mass of molten material, with the tremendous cutting power which 
flowing streams of such material have, destroys in short order anything 
metalUc in its path and in very many cases has cut and seriously 
damaged the columns supporting the furnace structure. If this run- 
away body of metal strikes a wet place on the floor of the cast house 
or on the ground an explosion is almost certain to result which may 
be disastrous in its consequences. Furnaces have even been put out 
of blast by the results of such breakouts, and even worse cases are 
only too numerous in which men around the furnace have been injured 
or killed by such accidents. 

For this reason the construction of the hearth and bottom of the 
furnace has received an enormous amount of consideration and experi- 
enced furnacemen are quite generally of the opinion that any reason- 
able amount of money spent in securing a construction immune from 
breakouts is well invested, a conclusion with which I thoroughly agree. 

A construction which in general meets this object has finally been 
developed, and is illustrated in Fig. 164, which shows in vertical half 
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section the lower part of the blast-furnaces of the Inland Steel Com- 
pany at Indiana Harbor, Indiana. 
^^ The metal part of the construction consists of a series of steel staves 
with coils of cooling pipes cast in them, which extend from about 4J ft. 
above the bottom level of the furnace to about 6 ft. below it. These 
are not fastened to each other, but are surrounded by an outside 
jacket. The lower part of this consists of a heavy rolled-steel jacket 
riveted together with internal and external butt straps, no pains being 
spared to make the strongest joint possible. This jacket is separated 
from the staves by a small expansion space filled with yielding material. 

The upper part of the staves is surrounded by a cast-steel jacket 
which also has water-cooling pipes cast in it. Its staves are fastened 
together by links shrunk on to the projecting lugs. They are of great 
thickness and, being made of steel castings, are enormously strong, 
but are further reinforced by rolled-steel bands about 3 in. thick by 
1 ft. in height around the top and bottom. The edges of the segments of 
this upper cast-steel jacket are carefully planed to make a perfect 
joint, it having been found by experience that if there be an open joint 
in the jacket, no matter how solidly the brickwork may be built inside 
it sooner or later the iron is likely to worm its way through the brick- 
work and reach this crack. The instant the iron reaches it and begins 
to flow through it, the cutting power of the metal enlarges the crack 
and soon a full-fledged breakout takes place, which nothing can stop 
until the furnace is empty. 

For this reason no pains or expense are spared to make hearth 
jackets not only strong enough to resist the expansion of the brick- 
work and to prevent their rupture by this action, but also to make 
them of practically air-tight construction. 

It was formerly considered by many furnacemen exceedingly dan- 
gerous to have internal water cooling below what is known as the 
iron line — that is, the height to which the iron may rise in the ordi- 
nary course of operation — this height being normally some 2 or 3 ft. 
below the center of the tuyferes, though in case of trouble the iron may 
rise up to the tuyferes. The reason for this objection to water-cooling 
is that a current of iron flowing with considerable velocity will cut a 
water pipe or other cooling apparatus with the water flowing through 
it, since it is impossible for the water to remove the heat as fast .as 
the stream of iron suppUes it. When a cooling member is cut in this 
way explosions are almost certain to occur, and these are more disas- 
trous the more confined the location in which they take place. Many 
frightful accidents have occurred through the cutting of water-cooled 
parts by molten iron. 

When the joints in the outside jacket are absolutely tight such a 
flow of metal cannot start, and as it is only a flow which possesses this 
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tremendous cutting power, the cooling pipes are not endangered by 
this action when there are no crevices through which the iron can flow 
past them. By the combination, therefore, of the tight jacket and 
the water-cooling staves inside it, the danger of breakouts, which for- 
merly was almost the worst dread of the furnaceman's life, have been 
reduced to a minimum, almost to a negligible quantity. 

It will be noticed in Fig. 164 that there is a thickness of three feet 
of brick at the top of the hearth jacket, and that this increases toward 
the bottom. This is for the reason that the high velocity at which the 
blast is injected through the tuyferes gives it a mushrooming effect 
indicated in Fig. 164, which throws it back against the wall around the 
tuyferes and tends to cause severe cutting, augmented by the heat and 
chemical activity of the molten iron and slag. These jointly tend to 
cut away the hearth as shown in dotted lines, but by having an 
ample thickness of brick and having the line of water-cooling of a much 
larger diameter than that of the nose of the tuyferes, the water-cooled 
surfaces have a better chance to overcome this combined action, so that 
furnaces built in this way cut back to a certain distance and then stop, 
whereas if the outside diameter of the hearth were made smaller in 
relation to the tuyere diameter the probabilities are that it would 
eventually give way under the joint attacks of these three influences. 
It was formerly thought that every furnace had to have one or 
two breakouts when it started to working properly, soon after it was 
blown in. In the days when furnaces were small and the quantity 
of iron in them at one time was only a few tons, this, while a bad 
condition, was endurable, but, as furnaces and their outputs have 
grown and the amount of metal released by a breakout has increased, 
it has become increasingly necessary to solve this problem almost 
irrespective of the cost of the construction. The evolution of the 
general type described is the result of necessity, of much thought and 
of many unsuccessful designs. 

The ditch around the hearth jacket, — There is ordinarily a ditch 
around the outside of the hearth jacket extending from just above the 
base of the columns, which are bricked in solid, up to about a foot 
above the hearth level, and practice in regard to this ditch has varied 
greatly. It is customary to use this to carry off the waste water from 
the tuyeres, coolers, etc., and formerly these ditches were kept full of 
water to their tops, with the idea that this furnished effective cooling 
of the hearth jacket and tended to prevent breakouts. But in order 
to keep the ditch full of water its outlet must be dammed, and when 
this was done if a breakout did occur the molten iron filled up the 
ditch to the level of this dam, part way or even all the way around 
the furnace, and when cold had locked itself between the columns 
and the hearth jacket, whence it was almost impossible of removal. 
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At one time the practice prevailed of filling the ditch to the top 
with large lumps of limestone piled in as loosely as possible, then if a 
breakout occurred the decomposition of the limestone by the heat and 
the subsequent slacking of the lime tended to crack apart the mass 
of iron, which, of course, was much reduced in quantity and solidity 
by the presence of the lumps themselves. This practice is an improve- 
ment, but the practice of carrying the ditch full of water is itself going 
out of vogue to some extent, and personally I would never have the 
water in the ditch more than a couple of inches deep. This enables 
the ditch to be kept open to the bottom, and if a breakout occurs the 
molten iron will run out the outlet and leave the ditch comparatively 
free. Moreover, more effective cooling may be obtained by the spray 
from a small circle pipe causing a thin film of water to triekle down 
over the hearth jacket than can be obtained with a large body of 
standing water. This has often been estabUshed and is another illus^ 
tration of the principle that rapid circulation has more to do with heat 
conduction than the amount of surface and conductivity of the material 
involved. 

Allowing the outlet from the ditch to carry off the iron in case of a 
breakout has some disadvantages because the iron itself will run along 
the bottom of the ditch underneath the water for long distances, even 
in quite small quantities. I have known it to go 60 or 70 ft. and plug 
up the screen over the waste opening into the sewer so as to create a 
fearful nuisance. 

To meet this situation two expedients are available, one of which is 
extremely simple and should always in my judgment be used. This 
consists in having an auxiUary outlet from the ditch normally kept 
closed and designed to discharge at some point suflSciently removed 
from the furnace so that any iron carried ofif by it may do as Uttle 
harm as possible. This ditch may be closed either by a hand-operated 
gate or by a thin lead plate. The latter will cut ofif the flow of water 
effectively, but will melt in case iron strikes it and open up the emer- 
gency outlet. This should preferably be placed lower than the main 
outlet so as to drain the iron completely away from the latter. The 
use of this expedient once in my experience saved a shutdown of many 
hours. V 

The other expedient is somewhat more expensive. It consists in 
building a large chamber or cistern in the bottom of the outlet ditch, 
which is covered over by the cast-house floor plates under ordinary 
conditions, and stands full of water all the time, the waste-water cur- 
rent simply passing across its top, but if a breakout occurs the iron 
will run into this cisterm and has to fill it up before it can go on 
through and make its way into the outlet sewer, the plugging of which 
constitutes a calamity of no mean order. If the cistern be made large 
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enough it cannot be filled up with the iron from any one breakout and 
is safe from being overflowed. 

It is frequently customary to have the ditch around the furnace 
interrupted by a soUd structure of brick on which the iron trough 
beneath the tapping hole is supported, but I do not Uke this construc- 
tion, as the heat is drawn through the hearth jacket by the poulticing 
action of this brick pier and the circulation of water is cut ofif by it. 
Moreover, in case of a breakout the presence of this dam in the ditch 
prevents the iron from draining away in that direction and may result 
in permanently filling the ditch with a mass of iron on one side of the 
pier or the other. 

By riveting a pocket a little larger than the outside of the iron 
trough air-tight on to the front of the hearth jacket the trough can 
be set down into this and a joint made between the two with cement, 
the water can then rise practically to the bottom of the iron trough 
without any danger of getting into it, and yet have an absolutely free 
circulation around the base of the hearth jacket at this point, which 
probably needs it more than any other. 

In very recent years the security against breakouts has became so 
great that in some cases, the ditch is aboUshed and the hearth jacket 
is concreted in solid. 

The tuySre zone. — This is the zone between the top of the hearth 
jacket and the bottom of the sloping bosh. Various styles of construc- 
tion have been adopted for this, as for all the other regions of the fur- 
nace. One of these which had much vogue at one time was the use 
of a heavy cast-iron or even cast-steel tuydre jacket with cooUng pipes 
cast in it, and with openings cast through it of the size required by 
the coolers, no internal cooling by cooling plates being used. 

This construction and all others which depend on external cooling 
in this zone are in my opinion faulty for the reason that the tuyferes 
must project a considerable distance into the furnace. If they did 
not, what I have called above the mushrooming effect would rapidly 
destroy all the parts adjacent to them; therefore, we have first the 
hollow-walled cooler as a sort of second line of defense which projects 
into the face of the brickwork. Then fitted into this and projecting 
about a foot beyond it we have the tuyfere itself, which is literally on 
the firing line, its nose being some 3J or 4 ft. from the exterior of the 
brickwork. 

The mushrooming effect of the blast, if this zone were without any 
but exterior cooling, would soon eat away two or three feet of the face 
of the brickwork, which would leave the heavy coolers carrying the 
tuyferes without adequate support. This in turn would allow them to 
drop down so that instead of directing the blast in horizontally, as 
they should, it would be blown downwardly into the bath. 
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To overcome this and to protect the zone around and between the 
coolers from this intense mushrooming effect, cooUng plates should be 
used as shown in Fig. 164 (page 240) and described below. 

Cooling plates. — These are hollow plates of copper, or copper with 
one or two per cent, of tin to make it cast more readily, with a taper 
in the vertical plane, as shown, and also in the horizontal plane. 
These are supphed with water from the cooling-water system and a 
constant circulation is kept up through them the same as in the case 
of the tuyeres. 

They are built into the brickwork, but on account of the taper 
above mentioned can be withdrawn by means of lugs provided in their 
rear or outer surfaces for that purpose. These plates have great cooling 
surface and corresponding protective power for the brickwork around 
them. They increase the resistance of the brick to the action of the 
fire, and the brick to a great extent protects them from the direct at- 
tacks of the latter, although frequently they are directly exposed to 
it, as are the tuyferes, but able to resist because of the activity of- the 
water-cooUng, in exactly the same way that the firebox of a locomotive 
is able to withstand the intense combustion of the coal within it because 
the thin plates which constitute its inner surface are so completely 
cooled by the water around them. 

It will be seen that these cooling plates with their abiUty to with- 
stand the direct action of the fire, protect the firebrick work under- 
neath and around the coolers from the attacks of the iron, the slag, 
and the mushrooming effect of the blast, and so enable these to main- 
tain their correct position throughout the campaign. 

In order to supply the elenaent of strength against the internal pres- 
sure of the furnace two constructions are possible. Either bands can 
be passed around the furnace just above and just below the cooler 
openings, leaving the space between these bands unprotected, or the 
bands may be connected by vertical buckstays which protect the inter- 
mediate space. The construction which I Uke best of all, however, is 
to make a solid jacket of steel plate, as shown in Fig. 164, with the 
flange at the base resting on the top of the hearth jacket, with holes 
cut through it at the points where the cooler openings and the cool- 
ing plates come. This supplies the means of holding all the brick- 
work to its place, which is necessary, for, in the absence of such 
protection, it is surprising how small a mass of unbound brickwork 
will detach itself from the rest and work out of the furnace under 
the action of expansion, pressure, etc. 

The bosh. — This divergent cone which begins at the top of the 
tuyere zone has received attention at the hand of a vast army of en- 
gineers and furnacemen, and many solutions of the problem of a suit- 
able construction have been attempted. The divergent shape of this 
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portion of the structure and its relative lack of solid foundation upon 
which to build a patch if it fails, combined with the scouring action 
of the blast traveling up it, and of the semi-reduced iron and scouring 
slag traveling down it, have made the problem of maintenance of 
this part of the furnace a difficult one. 

One of the most commonly used constructions is that shown by the 
upper portion of Fig. 164. It consists of several rows, in this case 
eight, of cooling plates, those in one horizontal row alternating in 
vertical location with those in the rows above and below it. In other 
words, the plates in each of the eight horizontal rows are not vertically 
above one another, but are staggered for reasons of mechanical strength, 
because the plates are very much weaker against compression stresses 
than the brickwork, and if they were all in one row might be crushed 
by the expansion of the bosh walls due to the heat. By having them 
in alternating rows larger masses of brickwork intervene between them, 
making a sort of series of arches which do not readily crush. More- 
over, if all these cooling plates were arranged in vertical rows, the brick- 
work between these being relatively without protection would be 
scoured out by the erosive actions I have mentioned. 

By staggering the plates vertically the space between a pair in 
one row is protected to a great extent by the plates in the other rows 
above and below that space. This construction is shown in Fig. 165 
(page 248). Just above the bustle pipe portions of two rows of cooUng 
plates and their vertical staggering may be quite clearly seen. 

The cooling plates must be protected from the weight of the brick- 
work above them and this is done by one of two methods. Either a 
flat arch is turned in the brickwork above them or a cast-iron box is 
built into the brickwork which projects in from the outside of the wall 
about one-half or two-thirds the length of the cooUng plate, which 
is inserted through and protected by this box. Both methods are good 
but the brick arch is much cheaper and just as good for all practical 
purposes, so is to be preferred. Circumferential strength is supphed 
by very heavy bands of steel running around the bosh between the rows 
of plates. 

This makes a good, strong, substantial construction, but in addition 
to being very expensive on account of the great quantity of copper 
castings required, it is liable to one serious fault. This is that the 
erosional influences I have mentioned cut out the brickwork between 
the plates and leave the noses of the latter sticking out into the fur- 
nace almost Uke a flight of steps. I have tried to illustrate this action 
by the dotted lines in Fig. 164 and can state most emphatically that 
the conditions shown by this sketch represent only a fraction of the 
erosion that I have seen in actual practice after a campaign of only a 
year or two. 
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When the action has proceeded to the extent indicated or further, 
the shelves formed by the projecting noses of the cooling plates make 
ideal lodging places for half -molten slag and such materials as it 
cements together, and such a mass builds up on the noses of the plates 
at times with considerable rapidity. Then a change in the condition 
of the furnace comes about or the accumulations are no longer able 
to maintain themselves on the narrow footing offered by the cooling 
plates, but in either event the whole mass sloughs off into the hearth 
and having no time to be treated by the heating and reducing action 
of the ascending gas is precipitated into the hearth in a half-raw con- 
dition with resulting ruin to the iron and slag already formed therein, 
and the partial chilling of the furnace, perhaps to a serious extent. 



Fig. 166. Segmentai boeh jacket built by Birdsboro Foundry 
& Machine Company. 

It is these steps and the consequent irregularity of the work of 
the furnace at times which has led some fumacemen to abandon this 
type of construction for one whose wearing surface should be smoother 
and more regular. This result has been sought in some cases by 
building up a water-cooled bosh jacket of caat-iron segments as 
shown in Fig. 166. These segments as shown are strongly bolted 
together to supply the necessary strength to resist the pressure, and 
then receive a thin Uning of brick, its thickness depending upon the 
opinion of the furnacemon as to what is necessary, but commonly from 
nine to eighteen inches. This is an expensive construction and requires 
careful machining throughout, because if the least crack exists the gas 
will blow out through it with destructive effect and on account of the 
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crack being small it is almost impossible to get anything in the nature 
of a clay stop to stay in it. 

A third type of construction consists of a bosh jacket made entirely 
of steel plates and cooled solely by external sprays. This can be made 
an absolutely air-tight job of boiler work, thus eliminating any possi- 
bility of gas leakage such as I have described, while the cooling by 
means of a continual film of water on its exterior surface produced 
by sprays is one of the most efficient forms which can be obtained in 
any way whatever, a much greater surface being exposed to the cool- 
ing action of the water than in the case of the cast-iron built-up 
jacket. 

One feature of a jacket of this kind must receive the most care- 
ful attention. It must be as near absolutely smooth as it can be 
made by good workmanship. The rivets must be countersunk on the 
outside and driven down absolutely flush so that a film of water will 
travel over their heads without any interruption, and in general every- 
thing must be done to remove even the sUghtest obstruction from the 
path of the water film, because this film travels down the surface with 
considerable velocity and even a minor obstruction will throw it 
off, leaving a dry spot below the obstruction. This dry spot becomes 
hotter than the rest of the jacket and causes contraction strains and 
in time cracks result, while if it be a large one the lining on the inside 
of the jacket will melt off and the jacket itself will then be exposed 
to the assault of the streams of iron and slag nmning down inside it, 
which will soon cut a hole through it. Such holes are almost impossible 
to stop without a long shutdown on the furnace to enable a patch to 
be put on, and as this can only be done with patch bolts it is never 
nearly so good as the original jacket. 

This is one of the places where an ounce of prevention is worth a 
ton of cure, and the only proper course is to make it impossible for a 
dry spot to form on one of these jackets. 

Fig. 167 shows a furnace reconstructed according to the plans of the 
writer with a jacket of this type in which absolute smoothness was 
obtained by welding it up with an oxy-acetylene burner, then chisel- 
Ung off the roughness at the joints and grinding it down smooth, an 
operation which took little time and cost a relatively small amount, 
something like a couple of hundred dollars above the cost of boiler 
work. 

This jacket was flanged out at top and bottom to avoid the neces- 
sity of riveting angles on it to make connections to the mantel plate 
above and to the trough at its base. By flanging the metal out bodily 
these riveted joints are avoided. 

Water is sprayed onto the top of this jacket by a circular spray 
pipe divided into eight sections, each of these being connected to -the 
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water supply separately, and each of them also being in duplicate, 
only one being used at a time. If one becomes obstructed or fails 
the other can instantly be put on. This feature, as a matter of fact, 
is used only when it is occasionally necessary to clean out one of the 
sections, but it is a convenience at that time and contributes to safety 
at all times and is well worth the trifling expense. 

Some care should be taken to supply the water to these sprays 
under a very moderate head and make the holes in the spray pipes 
fairly large. They are then much less likely to become obstructed 
by small threads of pump packing and Uke and can be made to deliver 
the water exactly at the top line of the jacket with a minimum of 
spattering, the water thrown on to the jacket flows down it in a smooth 
film and the spatter is caught by the annular funnel shown about half 
way down the jacket, which is not riveted to the latter but comes in 
contact with it through a serrated edge at the bottom of the funnel. 
This serrated edge gives sufficient flow at every point around the cir- 
cumference, which would not be the case if the bottom edge of the 
funnel were straight as the contact would be close enough in that case 
to cut off all flow in places. 

By having the funnel hung from above by independent hangers it is 
possible to adjust with small wedges the location of its bottom edge in 
relation to the jacket to regulate the flow and get it uniform around the 
furnace, which could not so readily be done if the two were rigidly con- 
nected. Moreover when the funnel is supported from the jacket this in- 
volves rivets in the jacket for the funnel brackets and below these rivets 
it is almost impossible to avoid having a dry spot as above described. 

This jacket was so extremely smooth and worked so admirably in 
service that the intermediate funnel could probably have been dis- 
pensed with entirely by widening out the bottom trough a Uttle more 
^and perhaps putting some flanged extensions around its upper edge to 
catch spatter. 

The trough as shown projects out beyond the base of the funnel, 
but should have been made three or four inches wider than it is, because 
some of the drops from the bottom edge of the funnel are deflected 
from the vertical line by capillary attraction and fall outside the line 
of the trough which causes disagreeable spattering down below. 

When using a construction of this type it is not only possible but 
far preferable to use a very thin brick lining in it, because the brick 
being cooled only from the outside, no matter how thick originally will 
rapidly Wear down to that thickness at which as much heat is carried 
away from their bases as the currents of molten material and gas sup- 
ply to their front surfaces. This is only a few inches and if three 
feet of brick were to be built inside such a bosh jacket in the course 
of a few months it would all be gone down to a few inches, ex- 
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actly the same as if it had started at one foot or even nine inches in 
thickness. Consequently if the furnace were the correct shape to 
be^n with it obviously could not be so with three feet of brick scoured 
off the bosh all around, therefore the thing to do is to put in only as 
much brick in the first place as the furnace may be expected to leave 
there after it has settled down to regular work. 

In coke furnaces using a bosh of this type I have several times 
used only nine inches of brick with very satisfactory results, and in the 
furnace shown by Fig. 167 which was to use charcoal and therefore 
much easier on the lining than a coke furnace, I used only four and 
one-half-inch bricks made up specially as circle bricks to fit the curva- 
ture of the bosh. This furnace was blown out on account of conmier- 
cial conditions after a campaign of about a year and a half, and two 
inches of the original brick was still left. The judgment of the furnace- 
men was that it was as good as new. 

A point about this construction which must not be overlooked 
is that the lining in this portion of the furnace is practically self- 
renewing. If the brick were all scoured off the jacket clean, by bad 
slag or bad work of the furnace, and the water-cooling were main- 
tained, within a few hours the furnace would have built back for itself 
a lining of slag, carbon dust, etc., just as resistant for its purposes, 
if not more so, than the firebrick initially used. 

This condition arises from the fact that this portion of the furnace 
converges toward the bottom, and that any material chilled on it tends 
to stay because of its conical shape. This is a feature of much impor- 
tance which does not exist in any other portion of the furnace. 

Owing to the small quantity of brick in the lining of the bosh in 
this construction it is without much compressive strength and differs 
in that respect from the cooling plate construction of Fig. 164 in which 
a considerable portion of the weight of the furnace structure is 
carried on the hearth and bosh walls when the latter are heated up 
by expansion. With the steel-plate bosh construction this must not be 
allowed to happen, as the thin brick Uning would quickly crush and the 
steel jacket buckle under compressive stress, with disastrous conse- 
quences. It is necessary, therefore, to provide a sort of expansion 
joint in which the expansion due to the heating of the brick can be 
taken up without objectionable consequences. That is accomplished 
in the present construction by making the lower portion of the 
bosh jacket proper, cylindrical, and putting inside it a set of cast- 
iron water-cooled housings or blocks, B, through low openings in which 
project cooling-plates as shown at A. These cast-iron housings and 
the cooling-plates are supported on the heavy brick structure around 
the tuyeres which extends up from the bottom. The bosh jacket and 
its lining on the other hand are practically suspended from the mantle. 
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Fig. 167 Cbarcoa) furnace abowing eteel bosh jacket oonstmctioo 
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When expansion takes place the cylindrical portion of the bosh 
jacket sUdes down over the water-cooled housings, and if the lining 
is cracked or broken by this action, the crack is at once sealed by 
cinder running down over the surface and chilling against the housing 
and the bosh jacket. 

In order to avoid the necessity of lugs and fastenings on the hous- 
ings they are held together by the band, B, around their tops, this band 
being protected from burning by the cold bosh jacket just outside it 
and the water-cooUng within the housing. 

The water pipes for the cooUng blocks A were brought out at the 
bottom so that the maximum of expansion could take place without 
shearing off these pipes, which has been known to happen in a construc- 
tion of this kind where this provision was not made for it. Even in 
this case it would have been better if the space between the bottom 
of the trough and the top of the soUd brick wall had been made three 
or four inches higher. 

The water-cooled housing and the cooUng plates projecting through 
them perform a double function: first, they protect the tuyeres and 
coolers below them from the scouring action of the streams of iron 
and cinder and prevent the spaces between the coolers from being 
scoured out and so weakening the tuyfere zone; secondly, they form a 
water-cooled shelf at the foot of the bosh slope which supports the 
Uning of the latter and forms a ledge on which a new lining can 
start to form in case the old one is scoured off by irregular furnace 
work. 

Both these functions are of great importance and some element of 
construction must be suppUed to perform them if this type of bosh is 
to give the long and useful service of which it is capable. When 
properly designed there is no doubt that this type of bosh construc- 
tion will give absolutely satisfactory results in furnace operation on 
account of the perfectly smooth slope of its working surface and the 
complete absence of steps on shelves, at a cost of construction which is 
Uterally only a small fraction of that of the cooUng plate or water- 
cooled stave construction. 

The shaft or inwall. — Above the mantle only two styles of con- 
struction have been used in recent years. For many years nothing 
but plain firebrick from two to five feet in thickness was used from 
this point to the top of the furnace, but the tendency for the Uning 
to be eaten away more extensively just above the top of the bosh than 
anywhere else, which had existed very generally for many years, 
became worse with the general use of fine ores, and the Uning troubles 
which they brought with them. 

As the cooling plate construction had given a good account of 
itself in the bosh, furnacemen began to put rows of cooUng plates 



CONSTRUCTION OF BLAST-FURNACE STACK 255 

above the mantles to prevent this action, and this practice is now 
quite frequently followed. These were at first simply built in the brick- 
work and the pipes to them were brought in through small holes cut 
in the shell for that purpose. This, of course, put these cooUng plates 
entirely beyond the possibility of renewal; if they failed they were 
done with and must be shut off and were soon burnt up. 

To meet this situation some furnacemen have cut holes through 
the furnace shell large enough to permit the removal of the whole cool- 
ing plate exactly as is done on the bosh, but this cuts up the shell very 
badly and even when this provision is made it is a matter of much 
difficulty to remove these plates through such a great thickness of 
brickwork. It is, therefore, doubtful whether the trouble and expense 
of making these plates removable is worth the small gain to be obtained 
by that means. It will be seen that in the case of the furnace shown 
by Fig, 165 the course was adopted of bringing the water pipes for 
these blocks out through the shell so as to give access to the several 
connections, but without making any provision for the removal of the 
cooUng plates. 



Pig. 168. Caat-iron (woling plate. 

In early days of cooling plates they were made of cast iron with 
coils of pipe cast in them, these in all cases being built solid in the 
brickwork, without any provision for removal. The pipes were first 
made in one continuous coil zigza^ng back and forth through the 
cooling plate, but an improvement on this was subsequently introduced 
which consists in making each pass of the pipe through the block 
separate and bringing the ends of all the pipes out through the outside 
surface of the plate, and putting the connections which put them in 
series on these projecting ends. By this means if the inside pipe failed 
it could be cut out and the one back of it left in service; if this failed 
by the gradual burning back of the furnace, it could be cut out and so 
on back for as many passes as the pipe might make through the plate, 
this in turn number generally being from three to five. This arrange- 
ment is shown in Fig. 168. 
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For the protection of the bosh, cooling plates made of bronze, de- 
scribed above, were a great improvement. Bronze has a great advan- 
tage over iron, in that iron and cinder do not adhere to it, so that 
the cooling plates stay perfectly clean and as a result of this and of 
their shape they can be pulled out of the furnace without much diffi- 
culty and replaced whenever they fail so that the inside of the fur- 
nace is kept practically to the original lines for a long period of time. 

On account of this superiority for service below the mantle, the 
bronze cooling plate has often been used above the mantle also, but 
after considerable experience with it I prefer for that service the 
cast-iron plate with pipes cast in, for two reasons. 

First, these plates above the mantle being the highest of any of 
the water-cooled portions of the furnace they are the first to lose the 
water in case of any partial failure of the water supply which reduces 
its head. I have known of several cases where this happened without 
the complete failure of the water supply. This means that these cool- 
ing plates above the mantle are the most Ukely to lose their water, 
and if they do so the bronze plates are bad for two reasons. First, the 
melting point of the bronze is many hundred degrees below that of 
the cast-iron plate and its mass is much smaller, the body of the plate 
being hollow, so that when the water on these plates has been lost, 
even though the furnace be stopped at once, the heat of the surround- 
ing materials causes the bronze to melt after a comparatively short 
period, this leaves a considerable cavity in the brickwork into which 
the bricks from above are Ukely to settle, thus causing at least the 
possibility of a crack in the lining, even if the gas does not blow out 
through the burnt cooling plate itself, as it often does. 

With the cast-iron plate, on the other hand, the conditions are 
quite different. The melting point of cast iron is not reached by the 
contents of the furnace at a point much above the mantle, so that 
these plates are much less likely to be melted out completely than 
the bronze plates, and even if the inner end next the stock is melted 
off the outer end is protected by the brickwork for a long time, if 
not indefinitely, and being practically solid except for the pipes cast 
through it, a partial melting of the cooling plate does not form a cavity 
as in the case of the bronze plate. 

Secondly, if even a small portion of the nose of the bronze plate 
be melted off it is destroyed completely, as this opens its water space 
into the furnace, but with the multiple-pipe system several inches of 
the plate may be melted away and still, by using some of the rear pipe 
passes, water may be put through it again, and its usefulness as a cool- 
ing member preserved indefinitely. 

When these plates are installed, whatever kind may be used, pro- 
vision must be made for obtaining access to them. In Fig. 165 two 
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platforms for this purpose will be seen above the platform at the level 
of the mantle, these platforms being provided with a suitable hand- 
rail. This is importtot because in case of trouble with the circula- 
tion in these plates it is necessary to obtain access to them quicklj' in 
order to prevent their being burnt, and this cannot be done if ladders 
have to be arranged for the purpose. Moreover there is always a cer- 
tain quantity of furnace gas steaUng up the walls of the furnace, no 
matter how well it may be constructed, and while this may be so 
dilute that the workman exposed to it will not reaUze the danger, he 
may nevertheless be made unconscious bj' it. Under such conditions 
if working from a ladder he is almost certain to fall and be seriously 
injured or killed, whereas if a secure platform with a good hand-rail 
be provided he will fall upon this and can easily be rescued before 
further poisoning by the gas. 

The number of rows of cooling plates above the mantle is a matter 
of the individual conditions and the judgment of the operator. The 
customary number is probably from three to six rows, although in 
several cases these rows have been run all the way to the top of the 
furnace, spaced about as shown in Fig. 165. This is often done with 
furnaces intended to be run on ferromanagnese or spiegel which are 
highly destructive of their hnings. For ordinary furnace practice 
the consensus of opinion is that there is no advantage in having more 
than a Umited number of rows of these plates. 

There is a drawback to the use of these plates in that while they 
prevent the lines of the furnace from cutting back at the plate they 
do not prevent heavy erosion in the space between the adjacent rows 
very much as shown for the bosh in dotted lines in Fig. 164 and the 
steps so formed offer a lodgment for scaffolds in the very region of the 
furnace where the stock is in its pastiest condition and therefore most 
likely to scaffold. Consequently these steps tend to promote scaffolds 
with all their disastrous consequences. 

For this reason some operators prefer not to use cooling plates 
above the mantle at all, but to let the lining wear away and cool the 
shell externally with sprays if it becomes necessary. It is stated by 
Mr. H. A. Bassert in his paper on Modern American Blast Furnace 
Practice read before the American Iron and Steel Institute, May, 
1914, that "cooling plates above the mantles have only survived where 
they are placed from 18 inches to 22 inches back of the face of the 
inwall and in this position they have not much effect in preserving 
the original lines." 

This statement may not be universally true, but may be considered 
as absolute proof that cooling plates above the mantle are not a pan- 
acea for lining troubles but on the other hand are only to be used 
sparingly and with great discretion. 
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From this region at the base of the shaft to a point a few feet 
below the stock Une conditions of the temperatures and abrasion are 
such that well-made firebrick alone will withstand a long campaign, 
and consequently in much modern practice nothing else is used. 

The stock line and the top of the furnace. — In this region the 
influences of chemical activity and temperature are greatly reduced 
over what they are in the lower portions of the furnace, but the lining 
is exposed to another form of attack which has proven almost as 
difficult to resist as that in the hearth and bosh. 




Fig. 169. Broden-Roberts stock line protection. 

This is the abrasive action of the stock as it is dumped from the 
conical bell into the furnace. The charge of coke in a modern furnace 
is from six to twelve thousand pounds, and in the best modern prac- 
tice this is an extremely hard dense coke. In practically all cases 
also the Umestone is in the form of lumps; sometimes this is crushed 
to go through a three or four-inch ring, but in many cases lumps which 
would scarcely pass through an eight-inch ring are tolerated, such 
lumps weighing up to twenty pounds or more. 

When the bell opens these slide off its steeply incUned surface and 
strike violently against the Uning at the stock Une. In some cases also 
a considerable portion of the ore consists of hard lumps, some forms 
of ore having not only a high specific gravity, but also a degree of 
hardness comparable to that of granite, though these conditions are 
not usual in most present practice. These materials with their hard 
and abrasive nature impinging on the stock line at a rate varying 
from one to two thousand tons per day cannot fail to exercise a destruc- 
tive effect upon any brickwork used for the lining, and as a conse- 
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quence many forms of metallic protection have been used for this 
portion of the furnace. 

The earliest form of protection known to me was angles of cast 
iron, six inches square on the face, six by nine inches in the body, by 
one inch thick. These were laid in fireclay on top of a course of brick- 
work, and another course of brickwork six inches thick built on top of 
them, then another row of angles was inserted, and so on. This armor 
extended for some eight or nine feet vertically in the furnace from a 
point two or three feet above the stock line to one seven or eight feet 
below it. 

These after many years' trial proved to be unsatisfactory. The 
ends of the plates would break off and the protection of that area would 
be lost, but more serious still, cast iron swells when repeatedly heated 
and cooled through certain temperature ranges, and these are ranges 
which exist at the top of many furnaces. 

It is probable, moreover, that a graphitization of the carbon in 
these plates occurs in consequence of their long heating, and this also 
is accompanied by swelling which tends to disintegrate the structure 
of the angle. Moreover, this swelling took place unequally at differ- 
ent points around the circumference of the furnace and the top of the 
brickwork was not only pushed up to an objectionable extent by the 
action but also at some points more than at others. 

At other times and plants steel mantles or circular shields slightly 
smaller than the brickwork were hung inside the furnace at the stock 
line, but these failed because while the temperature at that point is 
not normally high enough to affect the structure of wrought iron or 
steel, it is high enough to cause those materials to warp very exten- 
sively in course of time, and if these mantles • warped at all they must 
go inward since the brickwork close outside them prevented them from 
warping outwards. Such irregular projections of portions of the mantle 
into the furnace utterly destroyed the regularity of the stock line upon 
which the proper filling of the furnace depends, and brought about the 
very conditions which the mantle was introduced to avoid. 

Cast-iron or steel rings built up of segments were tried at some 
plants. These were built into brickwork practically like a course of 
iron or steel bricks at intervals of two or three feet vertically, but as 
the stock has a considerable outward velocity as it leaves the bell these 
did not prevent it from cutting into the brickwork between them, 
and they, therefore, failed to fulfil the purpose for which they were 
intended. 

I have never used these myself and I do not know of any case 
where they have been continuously used by any one plant for a long 
series of years. 

One of the earliest successful means of solving this troublesome 
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problem was an adaptation of the old cast-iron angles, first made so 
far as known to me, in 1903 or 1904, at the plant of the Longdate 
Iron Company. 

After realizing the uselessness of the east-iron angles, the suspended 
mantles, and various other schemes, it seemed Ukely that wrought iron 
being much lower in carbon than the cast iron, would be free from the 
tendency to grow by repeated heating and cooling, and would have 
also the physical strength needed to prevent breaking off the exposed 
portions of the plates in service. It would also be free from the 
liability to extensive warpage which had destroyed the steel shields 
because the individual angles, six inches square on the face, would 
have between them spaces of an eighth of an inch or so at the closest, 
and these spaces providing room for individual expansion would pre- 
vent objectionable warpage which was the result of the cumulative 
expansion of a considerable area of the mantle as a whole. 

Accordingly a trial of such angles was made. These were made of 
three-quarter inch by six-inch wrought iron, six inches square on the 
face, six inches by nine on the portion built into the brickwork, and 
were successful far beyond our highest expectations. Instead of being 
compelled to reUne the top of the furnace at the end of every campaign, 
as had previously been the case, a furnace would make two or three 
campaigns without disturbing the upper portion of the lining. 

Since that time these angles have been used with some modifica- 
tions at a considerable number of plants, and always, to the best of 
my knowledge, with entire satisfaction and success. Modifications 
have been made in some cases. The portion of the angles built into 
the brickwork has sometimes been made long enough to go entirely 
through the brickwork, and the outer end turned up into a hook, this 
being imbedded in concrete poured around the lining at the top of 
the furnace. I have never seen any tendency for these angles to work 
out of the brickwork which would necessitate this additional expense. 

There is, however, a very simple method of preventing this, if such 
danger were anticipated, by a simpler and less expensive means. The 
leg of the angles built into the brickwork can be sheared to approxi- 
mately the taper which will make them lie to the circle of the furnace, 
and the portion of the angle built into the brickwork, having its largest 
end out, would be absolutely prevented from working forward into the 
furnace. If the sides of the plates before bending were sheared to 
an unbroken straight line this would result in slight gaps between the 
turned-down portions or faces of the angles, but this would be a matter 
of no importance. 

It is something of a nuisance to level up the outside courses of the 
brickwork so as to bring them level with the tops of these angles, 
when the latter do not run clear through the wall, and to avoid this 
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difficulty bricks of different thickness may be used on the inner row 
where the angles are laid. By using what firebrick makers call the 
standard thickness of brick (2^ in.) in the courses on which the angles 
are to come, and the three-inch thickness in the rear courses behind 
them, the thickness of a f-inch angle is almost compensated with a 
minimum of difficulty in leveling up and without using any but 
standard material. 

There are no patents on the use of these angles made of wrought 
iron or mild steel, though a patent on their use when made of hard 
steel is held by Mr. E. B. Cook. 

Another type of metal protection for the top of the furnace is one 
designed by Messrs. Albert Broden, manager of the Reading Iron 
Company, and Frank C. Roberts of Philadelphia. This is shown by 
Fig. 169 and consists of a cast-steel sleeve the shape and size of the 
furnace itself at the stock Une) which rests on cast-steel brackets 
securely riveted to the shell. 

The downcomer opening is cast through this sleeve and all brick- 
work is left out between it and the shell of the furnace proper. Large 
openings are cut through the shell to render the sleeve accessible for 
expansion and to provide air-cooUng for it. Water troughs are cast 
in its outer surface and provision made for a spray pipe around the 
top so that a continual trickle of water may be kept up over its surface 
in case of necessity. 

The bottom sectiofi is cast separately and is cooled by water pipes 
cast in. This projects down inside the top of the brickwork and pro- 
tects the upper edge of the latter from the abrasion of the stock. The 
cooling water is trapped from the pockets in the back of the brackets, 
which are fastened water-tight to the shell and so prevent any possibil- 
ity of water getting down through the brickwork. The joint with the 
hopper at the top is made by a single layer of brick laid in the usual 
way. This is an excellent construction and has given good results 
since it was put into service a short time ago. The only objection to 
it is the expense; being made of steel castings with accurately machined 
joints at all points where the different portions come together, it is a 
very expensive arrangement. 

The shape of the top of the furnace. — It was formerly customary 
to run the shell practically vertical to the top, putting brackets in the 
inside to support the hopper ring and other brackets on the outside 
to carry the wheelway for the filling barrows. 

In early days the hopper ring was not even bolted down to the 
brackets, but with the greater frequence of violent sUps which followed 
immediately upon the introduction of large percentages of fine ore into 
the burden, it was soon found necessary to have a more substantial 
construction. This was begun by making the brackets of steel instead 
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of cast iron and bolting the hopper and hopper ring to them. Finally 
Mr. Julian Kennedy pointed out the general weakness of this construc- 
tion and the necessity of holding the top of the furnace down until the 
violence of the sUp had passed by. In fact he claimed that by pre- 
venting the sudden release of pressure at the top the violence of the 
slips could be much diminished, and he was the first to introduce the 
coned top shown in Fig. 163 in which the shell is drawn in to support 
the hopper ring directly, thus making a much better and tighter joint 
between the hopper and the shell and giving a construction of sufiicient 
strength to resist all ordinary shps and explosions. 

The great mass of brickwork formerly put in above the bottom of 
the hopper is in fact perfectly worthless as it has no heat-resisting 
functions to perform and only serves to make a joint between the 
hopper and the furnace shell, and generally a very poor joint it was, 
having to be supplemented by clay packing, and accompanied by more 
or less leakage of gas, particularly during the blowing-in periods of 
the furnace when the gas is most deadly. The eUmination of this con- 
struction has also resulted in putting the gas outlets further up toward 
the top of the furnace where they belong, somewhat as shown in Fig. 
170, which is an elevation of the furnace shown in Fig. 163 and shows 
the location of the gas outlets more clearly. 

The wheelway of the hand-filled furnace is of course entirely elim- 
inated as such, in modern mechanically-filled furnaces, but an operat- 
ing platform is provided, generally about as shown in Fig. 163. 

Thin-lined furnaces. — It has been recognized for many years that 
firebrick exposed to the conditions in the blast furnace would wear 
back until the amount of heat carried off by their bases about equaled 
the amount brought in by their inside surface, after which wear took 
place much more slowly. It has also been recognized that in the stand- 
ard construction satisfactory life of Uning can only be secured by a 
corresponding thickness, and that as this thickness wore away the 
departure of the furnace from its original and presumably correct 
lines became greater and greater, generally with more and more un- 
satisfactory working. 

About fifteen years ago with the idea of overcoming these difficulties 
the experiment was tried in Germany of making the lining of the fur-, 
nace exceedingly thin, only a few inches in fact, and cooUng its exte- 
rior surface so as to maintain its original shape indefinitely. The idea 
has superficially much to recommend it, and after several years' trial 
in Germany it was introduced into this coimtry, first at the Lucy Fur- 
naces in Pittsburg, under the management of Mr. James Scott. 

The German construction consisted of cast-iron staves with flanges 
on their exterior surface and jaws like flanges on the inside, into which 
the bricks were securely fastened. These were built up into a furnace 
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shaft very much in the same way that the bosh jacket shown in Fig. 
166 is built up, but the exterior was cooled by a water film or spray 
instead of the pipes cast in shown in Fig. 166. 

The construction adopted at the Lucy Furnaces was different. 
There a steel shell was built much smaller in size in proportion to the 
lines of the furnace than the ordinary shell, since the thickness of the 
brick with which it was lined was only about one foot, from top to 
bottom. On the outside of this shell were riveted annular troughs, 
each about two feet deep by six or eight inches radial width, and ar- 
ranged so that water pumped into the top one flowed down through 
all the others in sequence to the bottom. In spite of great pains to 
secure absolutely air-tight construction, some water leaked into the 
furnace through the rivet holes and the results wore unsatisfactory, 
though subsequently these difficulties were overcome. 

Soon after this two thin-lined f\u*naces of this type were built at 
the Illinois Steel Works, and subsequently one of these was rebuilt 
with cast-steel plates instead of the boiler-plate shell and riveted 
buckets. This, however, did not prove satisfactory and the latter 
construction was restored. A bucket type of thin-lined furnace was 
also constructed at the plant of the American Steel & Wire Company 
in Cleveland. 

A thin-lined furnace was subsequently built by the Detroit Iron 
& Steel Company according to the plans of their general manager, 
Mr. Max McMurray. This solved the problem of saving the original 
shell for supporting the top works of the furnace, which had not been 
done in any of the other constructions, columns having been run all 
the way up from the mantle to the top for this purpose. 

In the case of the Detroit furnace the expedient was adopted of 
building a smaller shell with a thin lining inside the original shell and 
cutting a number of doors through to give access to the inner shell 
for examination, this shell is cooled directly by water sprays at the 
top, these form a film of water which runs all the way to the bottom. 
The outside shell also presents the advantage of preventing the wind 
from blowing the water off the stack, thus leaving it dry on one side, 
and making a disagreeable spatter below, both very important points. 
This construction is shown by Fig. 171 (page 264). 

The Tennessee Coal & Iron Company has also had a thin-lined 
furnace in operation for a number of years. This has a very heavy 
boiler-plate shell with spray pipes arranged around the top. A series 
of galleries are arranged at different levels around this shell and out- 
side these galleries is a sort of housing of steel slats to prevent spatter 
and to prevent the wind from blowing the water off the shell. 

A different construction still has been used by Mr. Frank C. Roberts 
in a furnace built by him for the Warwick Iron Company, shown in 
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vertical section in Fig. 172. In this the top of the furnace is supported 
by separate columns running up from the mantle, as previously de- 

scribedy and the shell is a boiler- 
plate shell, but instead of trusting 
somewhat to chance in the mat- 
ter of the distribution of the 
cooling water around it, this is 
accompUshed by a heUcal trough 
shown in larger section in Fig. 
173 (page 266). 

The trough is supported by 
tap bolts which do not go all the 
way through the shell and there- 
fore make leakage through it im- 
possible. The bottom edge of the 
trough is spaced away from the 
shell by distance blocks as shown. 
Part of the water runs out the 
space at the bottom of the trough 
and that which cannot get out 
this way runs around the helical 
trough. In this way a perfect 
distribution of water is secured 
around the circumference of the 
shell and the danger of wind 
blowing the shell dry on one side 
is eliminated. 

A compromise, one-half thin- 
lined and one-half standard con- 
struction, has been in use for 
several years at the Port Henry 
Furnace of the Northern Iron 
Company. This construction 
shown in Fig. 174 (page 267) is 
that of the former manager of the 
company, Mr. F. E. Backman, 
the design being carried out by 
Frank C. Roberts & Co. This 
furnace has a circular mantle 
shown in section, resting on the vertical portion of the columns at the 
level of the top of the bustle pipe. From this other columns run up 
on a slight inward batter to a second mantle some twenty-five feet 
higher. On this second mantle rests the upper portion of fiie inwall 
which is of standard construction. From this point down to the bosh 




Fig. 171. Detroit Iron & Steel Company's 
thin-lined furnace. 
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Fig. 172, Section of Warwick thin-lined furnace. 
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there is a boiler-plate shell with rings of angles for supporting the brick- 
work, riveted to its inside surface at intervals of five or six feet. This 
shell makes a joint on top of the cast-iron water-cooled segmental bosh 
jacket. The bosh jacket is lined with nine inches of brick and the 
nearly vertical portion of the shaft above it with thirteen inches. 
This construction is intended to prevent the gouging out of the 

lining above the top of the 
bosh which has been described 
above. This furnace has now 
been in operation for several 

years and is said to have given 
Fig. 173. Spiral trough on Warwick thin-Uned gQ^j satisfaction. 

The conditions in regard 
to thin lining for the inwall or any point above the top of the bosh 
are vastly different from what they are below that point, because, as 
already pointed out, the convergent slope of the bosh provides a natural 
lodgment for the slag which runs down and chills upon its cooled sur- 
face in the normal operation of the furnace, so much so, that as be- 
fore stated, if a furnace were started with an externally cooled bosh 
jacket entirely bare of bricks this would soon cover itself with a lining 
as good or better than the best firebrick which could be put upon it. 
But above the mantle the slope is in the other direction, the shaft of 
the furnace is a cone divergent downward, moreover except in its ex- 
treme lower portion there is no molten material, and if there were any 
it could not impinge upon this outward flaring surface, and could not 
remain there if it did so. Therefore if the lining is onoc removed from 
this portion of the furnace it is gone for good and all, until restored 
by relining. 

Moreover the furnace shell does not furnish much support in the 
vertical direction for any lining which may stand against it. It does 
prevent this lining from pushing out or falling backward, but it does 
not prevent its falling inward or sliding straight down in case of the 
failure of its support below. For this reason it seems to me necessary 
that the lining of the furnace above the bosh should consist of a suffi- 
cient thickness of brickwork to support itself and the portion of the 
lining above it. Systems of angle supports riveted to the inside of 
the shell may be used and may suffice amply to support the brickwork 
when it is built into the furnace, but these narrow ledges cannot in 
my judgment furnish the sound and substantial support which a body 
of brickwork two feet or more in thickness receives by resting upon a 
solid foundation like the mantle. 

Moreover the thinness of the inwall seems to have an influence 
upon the work of the furnace altogether apart from its effect on the 
durability of the Uning. Thin-lined furnaces have been found by their 
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Pig. 174. Section of Northern Iron Company's Port Henry fumace. 



268 BLAST-FURNACE CONSTRUCTION 

managers to be sensitive to- the quantity and temperature of the cool- 
ing water circulated over the shell and in general to have troubles to 
which furnaces with linings of normal thickness are not liable, and some 
of the best furnace managers in the country who have tried them have 
told me that they had had enough and were perfectly satisfied in the 
future to return to the standard Uning. 

Some of the furnaces of the constructions here described, are still 
in operation and some of them are said to be successful, but as a result 
of several years of experimentation no standard construction appears 
to have been developed which all advocates of this type of furnace 
are willing to adopt, and while the advantages of securing permanence 
of the lines of the furnace as constructed, of requiring for lining pur- 
poses only a small amount of brick, and therefore small expense and 
loss of time in relining, are undoubted, the essentially unsubstantial 
character of a wall only about a foot thick, 60 ft. or 70 ft. in height, 
and leaning inward at the top, may well be questioned. Moreover, 
the thick lining has the advantage that within reasonable limits it 
gives the furnace some opportunity to cut itself out to the shape at 
which it will do the best work, so that minor errors of judgment in 
the original lines of the furnace may be corrected by the work of the 
furnace itself within the thickness of the standard lining. This is not 
possible with the thin one. 

The lines of furnaces are not fixed like the laws of the Medes and 
Persians but shift with almost every campaign to meet changes of 
conditions or the changed views of their operators. With a lining of 
standard thickness and a standard shell large enough to contain it, 
such changes can within reason be made without affecting the shell, 
but with the thin-lined furnace this is not true. The shell must vir- 
tually have a shape exactly corresponding to that desired for the inside 
of the furnace and if it becomes necessary to change the latter this 
involves expensive and time-consuming changes in the shell. 

For all these reasons, and for the far better one mentioned above, 
that in practice the thin-lined construction does not seem to have jus- 
tified itself, it seems doubtful whether the development in this direc- 
tion will be extensive or at least very rapid. 

The Ashland construction. — The construction shown by Figs. 1 62, 
163 and 165 in which the mantle is supported directly upon the tops 
of the columns, numbering in modern practice from ten to twelve, 
has virtually been the standard ever since the adoption of the steel- 
shell construction, but is open to various objections from a practical 
and operating point of view. 

These objections are that the columns come very close to the walls 
of the bosh and particularly to the outside of the hearth jacket, nar- 
rowing up the cooling ditch around the base of the latter and making 
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the removal of any iron which may run into the ditch in a breakout 
extremely difficult, because this iron locks itself between the hearth 
jacket and the columns and in some cases cannot be removed without 
blasting, which would endanger the columns themselves. Moreover, 
when this construction is used, the bustle pipe carrying the hot blast 
to the tuyeres ha» to pass outside the columns, and the penstocks, 
carrying the hot blast from the bustle pipe to the individual tuyeres, 
have to pass between the columns. These penstocks have to be swung 
out of the way whenever the tuyferes have to be changed, and the 
columns are greatly in the way at such times. There is nearly always 
a column close to the tuyfere on one side or the other and access to 
the tuyferes is enormously hindered thereby. These columns interfere 
with^the lead of the individual water pipes from the circular water 
main beneath the bustle pipe to the tuyferea and cooling plates and 
make it difficult to determine which cock controls which pipe, a matter 
of vital importance in case of a partial obstruction to the flow in one 
of these pipes, which then requires instant attention as the price of 
preventing the destruction of the cooling member that it supphes, 
and the stopping of the furnace to replace the latter. 

The writer having realized for years past the seriousness of these 
difficulties from an operating point of view, when the charcoal furnace 
at Ashland, Wis., required reconstruction a few j'^ears ago, designed it 
along somewhat different lines, which are shown in Figs. 167 and 175. 
The central idea of the construction adopted is to remove the col- 
umns from their ordinary location immediately imder the mantle 
and set them back far enough out of the way to give complete access 
to the base of the furnace and to prevent injury to the columns them- 
selves in case of breakouts or other accidents around the furnace. 

This was accomplished by building a square framework of ex- 
tremely heavy plate girders, the inside distance apart of which was 
slightly greater than the outside diameter of the shell of the furnace. 
These girders were supported on the top of the four columns to which 
they were riveted and strongly braced to prevent the possibility of 
failure by rotation of the structure about its vertical axis. The shell 
was supported on these girders by eight brackets, two on each girder, 
these brackets being heavily riveted to the shell. 

In order to prevent the sagging of the mantle plate eight cantilever 
brackets projected in under the mantle, one vertically under each of 
the main brackets. These were supported by a downward extension 
of the main angles which fastened the main brackets to the shell and 
the outer ends were held down by struts extending down from the 
ends of the main brackets. 

The construction was a success in all respects and gave a degree 
of accessibility and convenience in operation around the bottom of the 
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furnace beyond comparison greater than that of any otber type. This 
accessibility is indicated by Fig. 175, which shows two men abreast, 
standing shoulder to shoulder inside the column, and outside the 
outermost point of the penstock. Of course, the tuyeres do not come 
in line with the columns in this construction any more than in the 
ordinary one. 



Fig. 175. ABhland constniction. 

For a furnace of this size no change in the design of the construc- 
tion need be made. For a coke furnace of greater size and with greater 
liability to serious difficulties of operation, it would probably be desir- 
able to use five columns, so that if one of them were to fail three of 
the girders, encircling more than one-half the furnace, would still stand 
and support it. This, of course, would only happen in case of a ter- 
rific disaster because the columns are set back so far from the furnace 
that no ordinary accident could affect them, and on account of the 
abundant room around them they can be thoroughly protected by 
brickwork. 
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In case this construction were used for a coke furnace a box girder 
would be used instead of the single plate girder and this box girder 
would be made water-tight and serve for the circle pipe to supply 
cooling water around the furnace. This would prevent any possibiUty 
of the girders being softened or affected by heat no matter what 
happened. 

This construction permits the bustle pipe to be put inside of the 
columns and thus to have the penstocks as close to the tiiyferes as may 
be desirable without having any interference between the penstock 
and the columns. This also shortens up the bustle pipe materiall}^ 
which reduces both its weight and its cost. One of the important 
features of this construction when used to replace the standard type, 
is that the foundations, lying entirely outside those of the old construc- 
tion, may be put in while the latter is being torn out, and the struc- 
tural work may be erected before the old furnace is down, as was done 
in the case illustrated, with the saving of many weeks in time, worth 
many thousand dollars more than the slight additional cost of con- 
struction. 

Firebrick. — There is scarcely any feature of the construction and 
operation of the blast furnace of more importance than this and prob- 
ably none concerning which less is known by the great majority of 
those to whom it is so important, the furnace managers. 

The problem of firebrick has never been solved in terms of chemis- 
try, or if so the solution is not known to furnacemen. This is prob- 
ably because several other factors, such as the fineness of the grinding 
of the clay, and the method by which is it molded, the temperature 
and time of burning of the bricks, and other factors not reflected in 
their analysis, have a vital influence on their character. 

For this reason firebrick are to a great extent bought and sold on 
the basis of workmanship, freedom of the bricks from warpage, and 
general reputation. It is true that iron and alkaUes in more than mod- 
erate amounts are barred because both unite with the siUca at low 
temperatures and cause the fluxing of the brick under conditions far 
less severe than can be met with impunity by bricks free from these 
impurities. But further than this chemistry does not play a heavy 
rdle in the purchase or sale of firebrick. 

It was customary a generation or more ago to use very large bricks, 
a size 6 in. square on the small end, by 9 in. or 14 in. long was the 
standard in certain of the older iron-producing regions. But this 
was followed by a period in which a thickness of about 2J in. became 
standard, virtually the same as that of red-brick. These were made 
in lengths of 9 in. and IS^ in. so that two of one would equal three of 
the other. The straight, commonly known as the "square** brick, 
is 13i in. long, 6 in. wide, or in the case of the tapered or circle brick. 
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known as "keys," 6 in. wide at the larger end. Similarly the straight 
brick, 9 in. long, is 4 J in. wide, and the "keys" 4i in. wide at the 
large end. 

These are relatively small bricks and require much labor for laying 
and involve a great number of joints, but it was claimed by some fur- 
nacemen for many years that thicker bricks could not be burned satis- 
factorily, though I have seen years ago thousands of brick 6 in. thick 
which gave complete satisfaction in the furnaces in which they were 
used, which were small coke furnaces. 

In very recent years firebrick manufacturers began to make furnace 
bricks 3 in. thick, and these are very much freer from warpage in the 
burning process than the thinner bricks as well as requiring less joints 
and less labor to lay them. They are, therefore, very much to be pre- 
ferred from practically all points of view except that of cost. 

In this respect the brickmakers have estabUshed certain customs 
which have not been permitted to any other trade. The standard price 
of bricks is based on the 9-in. by 4i-in. by 2J-in. brick. Smaller bricks 
than the 9-in. are charged for at the same rate per brick as if they were 
the 9-in. size. This is explained by the brick maker on the ground that 
the clay in the brick amounts to very little but that the workmanship 
on it is just as much on the small brick as it is on the large one. The 
13J-in. bricks, on the other hand, take a price of nearly 20 per cent, 
higher than the 9-in. based on the same volume. 

When he is asked why this is so the brick maker repUes that they 
are more difficult to handle and to burn. 

Similarly when it comes to the 3-in. lining instead of the standard 
thickness, the brick maker insists that he must have an increase of 
about 20 per cent, in the price per unit of volume of these, although 
warpage in this case is very much less, the labor decidedly less, and 
the burning but little more. 

It is, however, no more than fair to the brick manufacturer to 
say that quality does not always receive the consideration from the 
furnaceman that it should, and the manufacturer of a superior grade 
of brick is often forced to compete against a poor grade of brick on a 
piece basis, which is neither fair nor sensible, but is to a large extent 
the outcome of the diflSculty in determining what real quality is, 
already described. 

Firebrick are made in three grades known respectively as "hearth 
and bosh," "inwall," and "top," intended for use in those regions of 
the furnace for which they are named. Formerly the "hearth and 
bosh" quality was usually continued a number of feet above the top 
of the bosh, but in the best recent practice this quality stops at the 
top of the bosh. 

These differences in quality are adapted to meet the difference in 
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conditions in the different portions of the furnace. In the hearth and 
bosh there is Uttle or no abrasion but intense temperature, and intense 
scouring action of slag and iron. To meet' these conditions the bricks 
are made with a relatively large proportion of flint clay and a cor- 
respondingly smaller proportion of plastic clay. These bricks are not 
exposed to much abrasion and are therefore not particularly designed 
to resist it, but through their composition and burning, are made to 
stand extremely high temperatures successfully. 

In the middle zone of the furnace in which the lining is known as 
the '^nwall" the conditions of temperature and chemical action are 
considerably less severe, while those of abrasion due to the presence 
of some of the solid portions of the charge and the sand-blast action 
of its fine portions at the velocity imparted by the blast are import- 
ant, and the cone in this portion of the furnace being convergent 
upward the sand-blasting action is a factor to be reckoned with, 
whereas in the bosh with its divergent upward flare this is not the case. 
Inwall bricks, therefore, are made with more plastic and less flint clay 
than hearth and bosh brick to meet these conditions. At the same 
time they still have high heat-resisting qualities. 

At the top the conditions of abrasion are extreme, as has already 
been described, while the temperature in good practice in this zone 
of the furnace is generally below 1000°, so that the necessity of re- 
fractory character in the lining of this zone can be to a certain extent 
neglected, or at least need only receive an insignificant amount of 
attention as compared with what it demands in the lower zones. 
For this purpose the bricks are made with a large proportion of plastic 
clay pressed very hard, and burned to a great density, some of them 
resembling what is known as vitrified paving brick almost as much as 
they do firebrick, and for the same purpose, resistance to abrasion. 

Where no form of stock-line protection is used such as those de- 
scribed above or an equivalent, the quality of the top brick is fully as 
important as that of the hearth afid the bosh brick, since top bricks 
which do not resist abrasion permit the stock line to be gouged out 
by the drop of the stock from the bell, with the result that the correct 
distribution of the stock is made impossible and becomes largelj' hap- 
hazard, this is necessarily followed by extremely bad operation in 
the lower portion of the furnace, with the result of poor quality of 
iron, or high fuel consumption, or both. For this reason the necessity 
of repairing the stock line has in the past been responsible for an appre- 
ciable percentage of all the cases in which it has been necessary to 
blow out for repairs, though the fact may not have been apparent in 
all cases, because when a furnace which has been working well gradu- 
ally begins working worse and worse, it is commonly and in general 
rightly, assumed that the lining is too far gone to permit it to do further 
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good work, and without any analysis as to the location of the wear 
which is responsible for the bad work, it is generally attributed to the 
inwall, although the top may be the part to blanoLC. 

It is unfortunate that more exact and accurate knowledge is not 
at hand on the subject of firebrick and their suitabiUty for JUning pur- 
poses, but the problem is so complicated that a complete analysis 
would be possible only after years of experience by an organization 
which contained both an experienced firebrick maker and experienced 
furnacemen, a condition which has seldom if ever existed. 

The firebrick manufacturer has, therefore, to adapt his product to 
the conditions described by the furnaceman, and the furnaceman has 
to use the brick furnished to him by the brick maker in the prayerful 
hope that they will give the results desired, but in the vast majority 
of cases without any better foundation for this hope than his confidence 
in a given brand of brick, and perhaps his belief that a certain brick 
maker understands the conditions well enough to provide him with a 
suitable lining. 

It is greatly to be desired that the furnaceman and brick manu- 
facturer should meet directly rather than through their respective 
selling and purchasing agents. By discussing frankly and without 
prejudice their respective objects and difficulties progress would be 
made in real knowledge of this subject with resultant benefit to both. 

I have already described the enormous change in the furnace con- 
ditions which began in the middle nineties. The greatly increased 
outputs and the vast increase in percentage of fine ore used in the bur- 
den, in combination with the introduction of mechanical charging 
brought about conditions under which the lining problem seemed to be 
almost insoluble. I know on the best authority that one of the largest 
brick makers was desperate at one time over the situation and would 
have been glad, had he felt that he could afford to do so, to surrender 
the furnace-lining portion of his business. 

It seems extremely Ukely from the information which has been 
developed within recent years concerning methods of charging, that 
these have been more responsible for unsatisfactory life of linings than 
was the poor quality of the linings, in many cases in which the fire- 
brick manufacturer had to take the blame. 

It has long been known that bad filling would rapidly destroy a 
lining by channeling, but certain types of mechanical charging which 
are theoretically correct produce conditions in practice under which it 
would be impossible for any lining to survive for any considerable 
len^h of time. 

This matter really belongs under the subject of stock distribution 
and will be treated at greater length in an article on that subject. 

The laying of the firebrick. — The mortar used for this purpose con- 
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sists of ground fireclay which is mixed to grout of a consistency to suit 
the ideas of the furnaceman or the boss bricklayer, and usually kept 
hot during the mixing and to a considerable extent even during laying, 
by a steam coil in the bottom of the clay box. 

This grout or mortar is generally mixed quite thin, poured onto 
the brickwork with a large dipper and flushed into the joints of the 
brickwork, both from below by sliding the brick being laid up against 
the one just laid, so as to fill the joint as nearly as possible with fire- 
clay, and then from abov^ by filUng in the space and working the 
fireclay down between the two bricks with a trowel if any opening 
sufficient for that purpose exists, which in general it should not do. 

Many of the difficulties with linings have been attributed by some 
furnacemen to bad bricklajring and particularly to wide joints. Some 
go so far as to insist that all unevenness must be removed from the 
bricks by chipping each individual brick where any appreciable amount 
of warpage exists, producing what is known as a case-knife job. This 
means that every joint shall be laid so close that it is impossible to 
get the point of a table knife into it. 

Thick joints are undoubtedly very bad, but I have never seen any 
results produced by such extreme precautions which seem to me to 
justify the very greatly increased expense in laying the lining by this 
method. Careless work should on no account be tolerated, and if 
joints are found which are not thoroughly flushed the brickwork should 
be torn down and rebuilt properly. But as long as the firebricks them- 
selves are made of clay suitably burnt, it has never been evident to 
me why the clay in the joints should not be burnt practically into the 
same structure as the brick itself, and in fact the brickwork which is 
torn out during the relining periods from the lower portion of the fur- 
nace where the heats have been higfi, comes out in blocks the line of 
whose breakage frequently pays little or no attention to the original 
joints in the brickwork, proving to my mind that when properly laid, 
the fireclay joint becomes, by the action of the furnace itself, almost 
as good as the brickwork. 

This statement is, of course, predicated on the assumption that 
fireclay of the same quality as the brick will be used. If inferior clay 
be substituted it may act as flux for the brick themselves and abso- 
lutely destroy the lining. , 

The practice of making the fireclay thin may, in my judgment, 
easily be overdone, for the reason that if the clay is very thin, when 
the bricks are settled to place with a mallet, if there is the least par- 
ticle of warpage, the brick gives enough to throw the thin clay out of 
the joint and when it springs back to shape again this joint is prac- 
tically open. When the fireclay is made so thick, on the other hand, 
that it will just about pour from the dipper, it is too plastic to permit 
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this action and while the bricks may be driven up to a solid bearing 
with one another, the slight joint which remains after they are in 
contact is fairly filled with fireclay. 

The filling of the packing space. — In former times when furnace 
shells were built not much more than a quarter as strong as they are 
to-day they were frequently burst by the expansion of the brickwork 
within them and it was therefore universal practice at one time to pro- 
vide a space of 3 in. to 6 in. between the outside of the brickwork and 
the inside of the shell which was filled with some yielding material to 
allow for the expansion of the brickwork, and yet continually resist it. 
In modern practice, shells are so strong that they can resist the expan- 
sion of the brickwork and the latter is therefore laid up close to the 
shell and the small space necessary as a construction allowance is quite 
frequently grouted with concrete which, of course, is entirely unyield- 
ing. This means that the shell must be strong enough to pesist the 
expansion of the brick or else it must stretch enough to accommodate 
the expansion of the brick within its elastic limit. Probably both these 
actions take place to some degree, but in any event this plan is not 
safe except with a shell of the strongest and best construction. If the 
brickwork were laid up tight inside a shell of older type the latter 
would be burst within a short time, as unfortunately has happened 
only too often even with the greatest precautions. 

To prevent this is the reason for the custom, with such shells, of 
leaving a space between shell and lining and filling it with some mate- 
rial which is yielding and yet to some extent resistant, mentioned 
above. The necessity of resistance arises because if an open space 
were left between the brickwork and the shell the internal pressure 
would push the brick back, break the bond, and ruin the keying, so 
that some bricks would be likely* to fall out, which would start a hole 
in the lining, and once started this would rapidly enlarge itself so as 
to destroy the lining. The bricks therefore must be held up to" their 
places by some sort of filling between them and the shell. 

Some furnacemen prefer for this purpose clay, but clay is only 
slightly compressible, and I prefer pumice cinder, made by running a 
light slag on to wet ground, or into a tank of water. The steam formed 
by the heat of the slag puffs the latter up into a huge sponge whose 
total volume is many times the volume of the slag from which it is 
made. As it is crushed under pressure its volume becomes smaller 
and smaller by the progressive destruction of the cells, first of the 
larger and then of the smaller sizes, but the material maintains its 
resistance to compression almost constant throughout a very great 
diminution of volume. 

These are the conditions which we have to meet, as brickwork, 
unless rigidly bound, does not expand elastically like steel, but when 
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expanded retains its new size, never contracting, or never to anything 
like the degree to which it had previously expanded, so that as its 
temperature varies it undergoes a slow but constant growth. Thus 
a furnace shell may be amply large at the beginning of a campaign 
and for several months or a year, but gradually, as the lining increases 
in size, when all the compressibility of the backing is gone, the direct 
force of expansion of the bricks is transmitted to the shell, and while 
the steel is stronger than the brickwork inch for inch, the latter is so 
much greater in area in any given section of the furnace that it gen- 
erally bursts a thin shell when the "give" of the backing is gone. 

In order to make the backing gas-tight the pumice cinder is some- 
times mixed with clay, but this has the effect of reducing its com- 
pressibiUty especially as the clay is apt to burn hard after the furnace 
has been in operation for a while, and this therefore limits the amount 
of compression which a given portion of the backing can undergo with- 
out exerting undue stress upon the shell. 

Drying the lining. — Even with the best possible practice several 
tons of fireclay are used in laying the lining of a furnace, and this 
being mixed with something Uke an equal weight of water there is a 
great quantity of water in the Uning when the brick laying is finished. 
This is capable of doing great damage and should therefore be removed 
by thoroughly drying the lining before the furnace is put into operation. 

Various methods are in use for this but usually a temporary brick 
oven is built immediately in front of the tapping hole, and communi- 
cating with the furnace through it. The bell is closed and draft pro- 
duced either by opening the bleeder or allowing the main draft stack 
to draw on the furnace through a stove. A fire is built in the tempo- 
rary oven and the gas from this passes into the furnace and warms it 
up, drawing out the moisture from the face of the brickwork first, and 
gradually as the heat works through drying out the whole mass quite 
completely. 

The hot gas also acts as a carrier for the steam formed from the 
moisture and takes it out of the furnace. This drying-out process 
lasts anj'^where from one to three weeks according to the judgment of 
the furnace manager and the state of the iron market. 

There is no doubt that the operation is much better carried on 
slowly than rapidly, but a very moderate rate of firing will bring the 
warmth through a wall of 2 ft. or 3 ft. thickness in the course of three 
or four days, and a week of this treatment is in general sufficient to 
dry out the clay about as thoroughly as it can be done by this method. 
Of course, if the furnace is ready for operating before the rest of the 
plant, it is well worth while to continue the fire for drying out for two 
or three weeks or even longer if convenient. But in my judgment 
three-fourths of all the benefits to be obtained by drying will be 
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obtained in the first week of moderate but steady firing, day and 
night. 

The removal of this moisture not only prevents the possibility that 
the rapid heating which would come from the actual operation of the 
furnace on a green lining would convert the moisture of the fireclay 
into steam so fast as to drive the clay out of the joints, and perhaps 
blow objectionable holes through the packing at the back, but it also 
eliminates the very objectionable effect of moisture on the operation of 
the furnace while blowing in, when it is already very cold by reason of 
the fact that its initial charge is not preheated in its descent, but 
necessarily cold clear to the bottoin. 

I have never had any experience with blowing in on a green lining, 
but I should expect that much more fuel would be required for the 
first two or three days of such blow-in than would be required on a 
furnace with a thoroughly dried and warmed lining, and that the diffi- 
culty* and delay in getting the furnace into normal operation would be 
much greater. 

Bustle pipe, penstocks and blow pipes. — The hot blast is deliv- 
ered from the stoves through the brick-lined hot-blast main to a 
circular distributing pipe surrounding the furnace which is called the 
bustle pipe. This is a complete annulus of heavy steel pipe lined 
with firebrick, surrounding the furnace concentrically (see Fg. 175). It 
is commonly supported directly on brackets on the furnace columns 
or suspended by hanger bolts from heavy brackets riveted to the shell. 
The latter method is much to be preferred as the pipe is a massive 
structure and when it expands and contracts from changes in tempera- 
ture is capable of exerting great stresses. If it is supported on swing- 
ing hangers, it can move without doing any damage, but if supported 
in the furnace columns, it not only puts an eccentric load on them by 
its weight, which is bad enough, but may exert a direct lateral thrust 
of much more serious amount. 

It is well to note here that the bustle pipe is a far heavier structure 
than its appearance would lead one to expect. The one here shown 
for a small furnace weighs about 50 tons and one for a large furnace 
might easily go to 150 tons. The brick lining of the bustle pipe is 
laid in two courses of circle brick made for the purpose. On account 
of the double curvature and the brick cutting which this necessitates, 
the labor of laying up the lining is very great; nevertheless it is of 
the utmost importance that the work be well done. 

The heat losses by conduction and radiation are very serious in 
spite of the firebrick lining, and in recent years several furnacemen 
have tried making the outer portion of the lining of bricks or blocks 
made of infusorial earth or kieselguhr, whose conductivity is only 
one-tenth that of firebrick. This material is too soft to withstand 
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Fig. 176. Bustle pipe penstock and blow pipe. 

the mechanical wear on the inside of the pipe bo must be protected by 
a course of firebrick next the blast. Conduction losses have been 
greatly reduced by this practice, and it ia destined to grow in favor. 
This applies of course to the hot-blast main as well as the bustle pipe, 
which is only the extension of this main. 
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The blast is delivered from the bustle pipe to the individual tuySres 
by connecting pipes called the "penstock" and "blow pipe." The 
design of these is very important in the practical operation of the 
furnace for the reason that whenever a tuyere is to be changed — a 
more or less normal occurrence even in the best practice, and an 
onerously frequent one when the furnace is in trouble — the connecting 
pipes must be removed before, and replaced after, the tuydre is changed, 
and it is vital that this should be done quickly. 

Many designs have been used from time to time, but certain gen- 
eral principles have been developed, and a very satisfactory design 
in which these were applied is shown by Fig. 176. The walls of the 
hearth and tuydre zone, with the bands and jackets surrounding them, 
are clearly shown on the drawing. The cooler is a hollow, conical, 
bronze casting shown in section; water circulates vigorously through 
the hollow space, being delivered to it and taken from it by pipes 
entering at holes tapped in the butt, not shown on the drawing. The 
inside of the cooler has a slightly raised strip at its inner end cast to a 
true surface and into this fits the tuydre, which is a hollow bronze 
casting similar to but smaller than the cooler, and provided with a 
raised strip at its outside end, which is a close fit in the nose of the 
cooler, as shown. The tuyere is cooled by circulating water exactly 
the same as the "cooler." 

The purpose of the cooler is to supply a protective, more or less 
permanent support for the tuyfere, which projects, as shown, bodily 
into the furnace from 6 to 15 inches, depending upon the practice, 
the size and condition of the furnace, and the opinion of the furnaceman. 

The blow pipe is of cast iron turned to a ball joint at both ends. 
At the front end, the ball fits in the butt of the tuydre, which is bored 
to a ball joint to fit it, while at the back end is a female ball which 
takes the projecting ball on the end of the penstock or "bootleg" as 
it is sometimes called. 

Ball joints are universally used because the tuydres do not always 
go into the furnace the same distance, and even if they did, the expan- 
sion of the hot-blast main is more than likely to throw the bustle 
pipe more or less off the center of the furnace. By having ball joints, 
these variations in the relative position of the tuydres and bustle pipe, 
both vertical and horizontal, are taken up and a perfect joint quickly 
and easily made. 

The penstock is in the general form of the pipe-fitting called a 
"sweep tee." The sweep turns towards the tuyere and the opposite 
(smaller) end is closed by a cap. The penstock is separate from, but 
supported by and makes a tight joint with, a nozzle riveted to the 
bustle pipe. The planes of the ball joints should always be at a right 
angle to one another so that swinging the penstock in or out to com- 
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pensate for a difference in the location of the tuydre may affect the 
vertical alignment as little as possible and swinging the blow pipe up 
or down affect the horizontal aUgnment as little as possible. In many 
cases the penstock is designed to run on a diagonal, but this is exceed- 
ingly bad practice because an adjustment in one direction cannot be 
made without simultaneously affecting that in the other direction, 
and this greatly increases the diflSculty of making both joints quickly 
and perfectly. 

The ball joints are not held together by bolts in the ordinary way 
because all parts of the hot-blast system become heated to a high 
temperature and flange bolts under those conditions would become 
practically unworkable; moreover, even if they worked, they would be 
extremely slow, while haste is a vital condition in changing tuyeres. 
The horizontal joint at the top of the penstock is held together by 
steel yokes suspended from lugs on a steel ring resting on the flange of 
the nozzle, but independent of it, so that it can be turned in any 
direction without difficulty. This ring is made into two halves, and 
bolted together in order to get it around the pipe above the flange, 
and the back or upper side of the flange is turned off, as is the base 
of the ring, so as to facilitate this turning when it is required. The 
steel yokes are provided at the bottom with keys which engage heavy 
lugs cast on the sides of the penstocks near the top. These keys can 
be operated quickly and easily with a hammer, and practically as well 
when hot as when cold. 

The horizontal ball at the base of the blow pipe is held to a joint 
by a long bolt with a right-hand thread on one end and a left-hand 
on the other, one end of which pulls against a steel stake set in a 
socket in the hearth jacket, the other end pulls against a heavy lug 
cast on the bottom of the penstock. The bolt operates through a 
heavy coil spring set between washers so that contraction and expansion 
of the penstock and blow pipe due to changes in blast temperature will 
be automatically taken up, the pressure of the spring being sufficient to 
make a tight joint at the base of the blow pipe against the pressure of 
the blast. Brass nuts are used on the draw bolt so that rusting will not 
make them difficult to operate. The draw bolt is far enough away from 
the blow pipe not to become heated and so remains easy to operate. 

In case of serious trouble with the furnace, it is sometimes desirable 
to be able to release the blow pipe from the tuyfere instantly so that 
the slag can be flushed out through the latter. This can be done in 
the design shown by prying the inner brass nut over the upper end 
of the stake, Then if the keys in the Hnks, which hold the upper 
joint, have been slacked, the penstock will swing back under the pres- 
sure of the blast and the blow pipe will fall out of itself, opening the 
tuyfere completely. 
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The penstock is lined with circle brick 2 inches thick, made for 
the purpose, and fitted to place. The ball joints at the top and bot- 
tom of the penstock are made separate from the penstock proper and 
bolted to it so that in case they are scarred or warped in use, they can 
be taken oflf and be replaced with others. This should not occur ex- 
cept at long intervals, and therefore bolts are used to hold these in 
place. Incidentally it is very mucli easier to turn a ball joint on a 
loose flange Uke this than it would be if it were cast solid on a crooked 
casting like the penstock. This construction has the further advantage 
that the ball flanges hold the brick lining firmly in place. It will be 
noticed that the female ball joints have a very narrow bearing surface, 
and that this is protected from an accidental injury by being below 
the line of the end of the ball casting. 

The Wicket. — The rear opening of the penstock is provided to give 
access to the tuyere for cleaning out and for plugging with clay in 
case of a stop, or the like. The cap which closes this opening is called 
the "wicket." This joint also is made spherical so that the cap wiU 
be tight in any position and is held in place by key bolts which can 
be operated with a hammer in spite of being very hot when in use. 

The wicket is provided with a small hole through which a pricking 
rod can be run to punch out the tuyftre, and this hole must be kept 
shut by some apparatus which permits it to be opened freely and which 
contains a peep glass through which the action of the tuydre can be 
directly observed. Much ingenuity has been expended in meeting 
these conditions. The wicket design here shown gave good satisfac- 
tion, which is more than can be said for many that have been used. 
The outside end of the hole through the wicket is turned to fit a ball 
of 3-inch diameter. This ball is loosely held by two pins which go into 
holes in its sides. These pins are at the lower end of an angle lever 
which has heavy weights cast at the ends of its horizontal branches. 
These force the ball up against its seat in the wicket, and the ball 
being loosely held is free to take a position which makes a tight joint. 
The pressure is applied to it, not through the pins, but by a loosely 
fitted cap which is a part of the weighted lever. The hole in one side 
of the ball is square and the end of the squared pin on that side fits 
loosely into it. The outer end of this pin is bent down into a handle 
so that the ball can be rotated on the horizon axis transverse to the 
line of the tuyfere. The ball has a half-inch hole bored through its 
inner half and a larger tapped hole through the outer half with a 
squared seat at the bottom. In this tapped hole fits loosely a screw 
plug with a half-inch hole through it. This is screwed down on to a 
a glass set in the base of the larger hole and holds it firmly in place. 
Normally the ball is turned at right angles to the position shown and 
its blank face is presented to the seat, when it is desired to look 
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Fig. 177. Wicket. 

into the tuyere, the ball is rotated by turning the handle a quarter 
turn so that the peep hole through the ball is in the axis of the blow 
pipe. The reason for this is that at all furnaces, but especially char- 
coal furnaces, the gas leaking back even for a few seconds when the 
blast is off, clouds up the glass so that after a short time it is impossible 
to see through it. By this design the glass is only exposed to this 
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action when the blast is on the furnace for a minute or two at a time. 
In addition four holes are drilled through the ball in such position that 
by turning it to different angles a strong jet of blast may be blown 
through these holes to impinge on the glass in such a way as to blow it 
clean. By turning the blank side of the ball to the seat, the sight glass 
can be changed with the blast on the furnace. The hole through the- 
wicket is imnecessarily large in this design and exposes the ball to too 
great a pressure. The design could be improved by making the hole 
smaller and putting the jomt surface next to the hole instead of at the 
outside so that the area of the ball exposed to the blast pressure could 
be reduced to a small fraction of that in this design, then the same 
weights would keep the joint tight against a much higher pressure. 

This design of penstock wicket, etc., was made under the super- 
vision of the writer to fit the conditions of a small furnace which was 
being reconstructed. While the general design is right certain details 
worked out badly owing to some conditions which could not be altered. 
The first of these was that the vertical leg of the penstock was too 
short, and the inner end of the penstock was about a foot too close 
to the furnace, the blow pipe being as much too short, so when swung 
back it did not give as much room to work as was desirable. If the 
vertical leg had been 2 feet longer so as to give a proportionately 
greater swing, it would have been very much better. These defects 
were due to the location of the bustle pipe and the openings through 
it, which we did not desire to change. In a new plant these difficulties 
could be avoided, while using the general principles of this design, 
which are, m my judgment, correct. 

Since these wickets were made, I have seen in use a simpler appara- 
tus which obtained the same general result and gave good satisfaction. 
This design is in essence a large plug cock mounted in the line of the 
hole through the wicket and arranged to open or shut the hole exactly 
as a plug cock does. It was found that by making the taper of the 
plug just right, the tendency to bind, due to unequal expansion, could 
be overcome. I would have supposed that this scarcely could have 
been done, but this simple arrangement seemed to work very well. 
I saw it at the Lorraine blast-furnace and I beheve it was the design 
of Mr. A. J. Bojmton, the superintendent of that plant. 

It may be thought that too much stress is being laid upon these 
details, but as a matter of fact there is scarcely anything which has a 
greater influence on a decent, orderly and successful operation of the 
furnace than these parts. If a correct design be not used, a tight 
joint cannot be made, or if it be tight when made, as soon as the parts 
become heated in operation it is no longer tight and the blast howls 
out at every leak in a way that is distressing to the ear and apt to be 
ruinous to the cost sheet. 



CHAPTER VII 
CLEANING AND WASHING THE GAS 

The realization of the great heating value of the top gases of the 
blast-furnace was very slow in taking useful shape. For centuries, 
furnaces ran with their tops wide open, discharging the gas into the 
air, with which it united in a great column of flame, visible for miles 
by night, even in the small furnaces of that early day. 

Even after the invention of the steam engine, the possibilities of 
blowing furnaces by steam power were not practically realized for 
several decades and furnaces continued to be located primarily with 
reference to a suitable water power for blowing. In the same way after 
the invention of the hot-blast in the third decade of the nineteenth 
century the stoves were not at first heated by gas from the furnace, 
but were independently fired with coal. 

Later a small chamber filled with iron pipes was built over the top 
of the furnace and the flame from the open top passed up through this, 
heating the blast which passed through the pipes. Still later flues 
were built into the brickwork near the top but just below the stock 
line and connected with a powerful chimney whose base was approxi- 
mately level with the top of the furnace; this chimney drew some of 
the gas from the furnace, naturally much mixed with air drawn in 
from above, and the mixture burnt on its passage from the furnace 
top through the boilers and stoves to the chimney. 

The final step was taken by closing the top of the furnace with a 
bell and forcing the gas by the pressure from below out through the 
flues into a pipe leading down to the ground level, where the stoves, 
boilers and stacks were located as previously described. This pipe 
early received and still retains the name of the "downcomer." 

These top gases in Lake ore practice contain about 50 per cent, of 
the total* thermal value of the fuel charged. In districts where leaner 
ores are used and more fuel is consequently required per ton of iron 
the gas is correspondingly richer and contains a proportionately larger 
percentage of the thermal value of the fuel. In Lake ore practice an 
average analysis is about as follows: carbon monoxide 25^ per cent., 
hydrogen 3 per cent., carbon dioxide 12^ per cent., nitrogen 59 per cent. 
The thermal value comes entirely from the first two components. 

The hydrogen comes partly from the moisture in the blast which is 
dissociated in the hearth, and partly from the moisture of the charge 
which is decomposed in the upper levels of the furnace. This gas 
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under standard conditions of 32® F. and 30 inches of mercury con- 
tains from 94 to 102 B.t.u. per cubic foot and has a specific heat of 
about 0.02 per cubic foot, so that it contains about 2 B.t.u. of sensible 
heat for each 100® F. above that temperature. 

This gas is then somewhat more than half as high in heating value 
per cubic foot as ordinary producer gas. This, with the enormous 
volume produced (some 140,000 cu. ft. per ton of iron in good practice 
and more where the practice is poorer), give it enormous commercial 
value, so great in fact as to equal a considerable percentage of that of 
pig-iron itself. 

This gas having been in intimat-e contact with the charge in its 
course up through the furnace, and having carried off all the moisture 
of the charge not dissociated, necessarily contains much moisture and 
picks up much fine dust from all the different components of the charge. 
It also carries a fume consisting of solids volatilized in the hearth of the 
furnace which sublime into the solid state, in the form of an impalpable 
powder, as the gas cools in its progress toward the furnace top. 

It is this fume that gives the gas its characteristic appearance, so 
that an experienced furnaceman can tell more quickly by looking at 
the gas discharging from the boiler and stove stacks than by any 
other way if his furnace is working "hof or "cold," since a relatively 
few degrees drop in hearth temperature make a great difference in 
the amount and appearance of the fume thrown off. 

This fume consists mainly of silica, alumina, Ume, potash from the 
ash of the coke, and iron, and in case the charge contains much man- 
ganese, this element is present in the fume to a great extent, changing 
the white color of the fume of a good-working furnace on ordinary 
iron to a light yellow when running on "spiegel" and to a heavy 
yellow or brown when running on ferromanganese. 

In the early days of slow driving the velocity of the gas current 
through the furnace was small and the quantity of fine ore in the charge 
was almost negligible in comparison with the quantity of fine ore used 
to-day, which runs from 50 to 100 per cent. Mesabi in the majority of 
American practice. 

Under those conditions a single, comparatively small outlet at one 
side of the furnace top was sufficient and the quantity of dust carried 
by the gas was extremely small, therefore a single pipe of moderate 
size running straight or almost straight down and branching directly 
off to the stoves and boilers was all that was necessary to handle the 
gas. This constituted but a small, almost an insignificant fraction of 
the plant as a whole. Conditions at the present are vastly different 
from this in three respects: 

First, the velocity of the gas through the furnace is several times 
greater than it was in those early days. The carrying power of the 
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fluid current increases at an enormously rapid rate with an increase 
in velocity. I have seen the statement that this increase was as the 
seventh power, which would mean that doubling the velocity would 
increase the quantity of material carried 128 times. Whether this be 
true or not it is certain that the rate of increase in carrying power is 
extremely high. 

Second, the ore used instead of being practically all hand-prepared 
lump consists very largely of fines, much of which is capable of passing 
through a 100-mesh sieve. 

Third, we have come to realize the enormous cost of attempting 
to utilize gas in its dirty condition for stoves and boilers, even leaving 
out of consideration gas engines which require for their successful 
operation gas cleaner than the air we breathe. 

These three causes have had an enormous effect on the gas-handling 
system of the furnace, which has in recent years become one of the 
largest and most conspicuous features of the whole blast-furnace plant. 

The outlets from the furnace top. — From the time of the closed 
top or soon thereafter, some furnacemen claimed that the gas should 
be taken off either from the center of the furnace or at several points 
symmetrically arranged around the furnace top. Others claimed that 
the gas, having gone through the stock column, had done its work and 
that the location of the outlet was a matter of no importance, and that 
one large outlet located on one side was cheaper and simpler than any 
other arrangement and just as good. 

In connection with furnace tops, I have shown a design of top ar- 
ranged to take the gas out at the center, which worked successfully 
for many years and gave but little trouble. It was, however, impos- 
sible to make the top quite so simple in this way as with the outlet 
on one side, and so the great majority of furnaces built in the United 
States up to twenty years ago were constructed on the latter plan, 
although in discussing operation I shall show what is to my mind an 
indisputable proof that a single side outlet produces an unsymmetrical 
passage of the gas through the furnace and cannot lead to the best work. 

As furnaces and their outputs grew they produced a vastly larger 
quantity of gas, so their designers provided more gas outlets, two and 
even up to five or six. Good practice now very generally uses four, 
though in my judgment three properly located are sufficient. 

Downcomers. — This introduction of multiple outlets introduced 
other difl&culties into the design of the plant. 

With a single outlet the downcomer could drop almost vertically 
to the ground close to the base of the furnace, but with this growth 
of output, necessitating multiple outlets, came the vast increase of 
dust which I have mentioned and the necessity for providing some 
means for its removal. As long as the gas traveled on a steep down- 
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ward slope the dust would accompany it, but when the dust reached 
the horizontal passages leading to the stoves and boilers, and from 
these to the stack, it settled in them and obstructed them so rapidly 
as to constitute a serious obstacle to continuous and satisfactory 
operation. 

Means therefore had to be provided for the removal of the dust at 
the foot of the downcomer and for this purpose chambers, at first only 
a little larger than the gas mains were introduced, but as conditions 
grew worse and worse these were increased in size and required there- 
fore to be placed further from the furnace in order to give the neces- 
sary room for operation. 

This threw the foot of the downcomer away from the furnace at 
its base, while the necessity of reaching more than one outlet threw its 
top back from the closest point on the top of the furnace shell, to the 
center line of the shell when two outlets were used, and finally to the 
back or opposite side when four or more were used. These two factors 
flattened the slope of the downcomer from almost vertical to a slope 
well below 45°. 

In some of the earlier installations these conditions were made still 
worse because it was considered necessary to have the downcomer 
enter the top of the dust catcher in the center of the latter and this 
reduced the vertical height at the same time all the other factors 
above mentioned increased its horizontal reach. I think that the 
slope of the dust catcher on some of the plants built about the 
time of the Duquesne revolution was not more than 30°. These 
were extremely unsatisfactory in operation because not only would 
dust lodge in them but also coke and other materials from the charge; 
they did not free themselves under any circumstances and no matter 
how large they might be built, they filled up until the velocity of the 
gas through them was great enough to scour a passageway through 
the accumulation on the bottom slope, this of course involving high 
top pressure and consequent leakage on every joint not tightly sealed. 

Explosion doors. — Downcomers are generally provided with explo- 
sion doors for two purposes: First, when furnaces are stopped it is 
almost impossible to prevent air being drawn into the gas main at 
some point or other. This air mixes with the gas and produces an 
explosive mixture. When operation is resumed this mixture is ignited 
at the boiler or stove burners and an explosion follows which in some 
cases is violent enough to burst the main, dust catcher and down- 
comer unless it is relieved by suitable safety-valves or explosion doors. 

Second, the furnace itself is liable to slips or explosions in which a 
pressure of several pounds to the square inch, ordinarily only occurring 
at the lower levels of the furnace, reaches the top and would do it 
great damage unless properly relieved. 
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This later theory has been combatted by Mr. Julian Kennedy who 
has claimed that explosions were more violent in proportion as they 
received freer vent. He compares the conditions which arise at such 
times to those occurring when the cork is removed from a bottle of 
charged water; if this be done suddenly a great proportion of the con- 
tents of the bottle is violently ejected, but if the cork is held back 
and the gas pressure allowed to pass off slowly none of the contents 
of the bottle are thrown out. In accordance with this theory the 
tendency in recent years has been to provide many less explosion 
doors than were formerly thought to be necessary, and the results have 
very largely confirmed the theory, though many furnacemen are not 
wiUing to go as far as advocated by Mr. Kennedy and do away with 
explosion doors entirely. 

One design, made about the time of the Duquesne revolution, was 
intended to be the best possible regardless of expense. Some five or 
six outlets were provided around the top of the furnace and these were 
all connected with an annular main, from one or two points on which 
the branches of the downcomer led off. Explosion doors were ar- 
ranged on the outside of this annular main, which, of course, was a few 
feet below the operating platform of the furnace top, and in order 
to provide access to it a supplementary platform was built a few feet 
below. 

This system had almost all of the disadvantages which could be 
worked into one design. On the side opposite to the downcomer there 
was so little current of gas that the annular main became sufficiently 
choked up to make it virtually useless and one or two outlets on 
the side next to the downcomer carried off all the gas, practically as 
though the annular main did not exist. On account of the large size 
and distant location of the dust catcher and the wide stretch of its 
branches to reach the opposite sides of the annular gas main the slope 
of the downcomer was exceedingly flat and it is probable that after 
it was in operation a short time more than half its area was choked 
up and not in active use. One of the worst features of the design 
was the location of the explosion doors which, it will be seen, came 
just under the main operating platform. Owing to the choked condi- 
tion of the downcomer the top pressure was high and the explosion 
doors were generally leaking more or less; if the gas caught fire it 
burnt underneath the top platform so as to damage the steel work, 
and if it escaped unburnt the gas came up onto the top platform in 
sufficient quantity to make it dangerous to stay there any considerable 
length of time. 

It may not be amiss to say a word here as to the general design 
of explosion doors. These are always made hinged, but are located in 
two different ways; first, so that the plane of the door is horizontal 
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when closed; second, so that it is steeply inclined or vertical when 
cloeed. The latter design is radically wrong and should never be 
used because the moment of the door due to its weight is little or 



Fig. 178. Elevation of Bethlehem Steel Company's furnace showii^ 
correct design of gas outlets. 

nothing when it hangs vertical, consequently a slight pressure is suffi- 
cient to force it from its seat, but as its moment rapidly increases a 
much greater pressure is required to force it to open wide, as it should 
when it is needed at all. 
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The horizontal door works exactly the opposite way, exerting its 
maximum moment when it is closed, so that it is very easy to keep 
tight under ordinary conditions, but when a considerable increase of 
pressure occurs, forcing the door open to relieve it, the moment of the 
door decreases as it opens so that it operates more and more easily as 
it opens wider. This seems at first sight to be an insignificant detail, 
but as a matter of fact I have seen great annoyances caused by vertical 
doors, so Uttle gas leaking from them can be objectionable either by 
burning and damaging the structure or by polluting the air, that the 
final result is to have a rigid clamp put on the door which virtually 
destroys its usefulness for its primary purpose, even though it may not 
completely eliminate the leakage. 

Fig. 178 shows a design of gas outlets and downcomer which secures 
practically all the important advantages. The drawing shows the ''E" 
furnace of the Bethlehem Steel Company. The outlets are four in 
number rising from the conical top of the furnace shell. The down- 
comer instead of connecting directly with the outlet openings on the 
furnace shell on the back or high side connects with the outlet pipes 
at a point several feet above the operating platform and thereby 
secures sufficient height to give it a slope steep enough to free itself. 
The explosion doors are placed on the top of these high outlet pipes 
many feet above the operating platform and if they leak no harm is 
done. If the gas burns it cannot strike anything to destroy and if it 
remains unburnt it pollutes the air far above the heads of those who 
may have occasion to be upon the operating platform. 

In the early days the downcomers were made of quite thin pipe 
entirely unlined and these gave remarkably good service considering 
the relatively high temperature of the gas they sometimes had to 
handle, temperatures of 800° or even 1000° Fahr. in regular operation 
being not uncommon, while, of course, very much higher ones occurred 
during sUps. 

In modern practice, however, the downcomer is always built of 
very substantial steel plate and Uned with circle bricks from 3 to 4^ in. 
thick. This makes an almost indestructible construction but a very 
heavy one so that due care must be taken to support the weight of the 
downcomer at both ends. More than one case is on record in which 
no better support had been provided than the conical top of the dust 
catcher and this has buckled under the great weight thrown upon it. 

Dust catchers. — Dust catchers were not considered a necessary 
part of a plant until within the last twenty or twenty-five years. The 
first ones were crudely designed, simply with the idea of providing an 
enlargement in the gas main in which the velocity of the gas would be 
reduced and its dust contents dropped to the bottom by this reduction 
in velocity. Ordinarily very inadequate means were provided to pre- 
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vent the gas current from again picking up the dust it had once depos- 
ited, and the efficiency of the apparatus was in some cases so low that 
the quantity of dust recovered was inappreciable, and after several 



Fig. 179. Typical form of early dust catcher. 

years trial the dust catcher was thown out and replaced by a plain 
section of pipe. Eventually the idea took shape of combining centrif- 
ugal force with the reduction in velocity to throw out the dust. 

The sketch, Fig. 179, illustrates diagrammatically the construction 
which came to be standard for the first type. Fig. 180 shows an early 
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type sometimes used to secure the centrifugal effect. The tangentia! inlet 
into the dust catcher body constitutes the principal difference in the two 
types, beyond the much steeper slope of the downcomer in Fig. 180. 

The difficulty of preventing the dust from being picked up by the 
gas current after being once deposited was a serious one and its solution 



Fig. 180. Typical form of centrifugal dust catcher. 

was sought by several furnacemen and several designs were brought out 
to overcome it by having the dust impinge upon the surface of water 
to which it would adhere and from which the gas could not pick it 
up again. 

One of the earhest designs to embody this principle was that of 
Mr. F. E. Bachman, then manager of the Northern Iron Company, 
at Port Henry, N.Y, Mr. Bachman built a dust catcher in general 
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appearance not differing greatly from the ordinary type provided with 
a tangential inlet as shown in Fig. 180. The shell of this instead of 
being lined with firebrick, as in ordinary constructions, was sprayed 
inside with a great number of small jets of water which produced a 
water film running down over this whole interior surface. Centrifugal 
force threw the gas against this surface to which the dust adhered and 



^^" 





Fig. tSl. Steese and Ford gas washer. 

was carried to the bottom by the flow of the water film. The gas 
only being exposed to the surface of the water for a short time did not 
absorb enough water vapor to affect its thermal value materially. This 
dust catcher was in operation for a number of years (as far as known 
to me it still is) and gave excellent results. The stoves remained clean 
and serviceable, although the furnace was charged exclusively with 
magnetic concentrates, which were quite fine. 

Another design to secure this result was that of Mr. R. C. Steece, 
whose dust catcher is shown by Fig. 181. The body of the dust 
catcher is horizontal and filled with water to about one-third of its 
height. The gas enters at one end so as to impinge on the surface of 
the water and is deflected therefrom into a semi-circular passage which 
brings it back to impinge upon the water a second time. A second 
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semi-circular passage repeats the operatioo once more and the gas it; 
finally discharged at the far end of the dust catcher. 

This design avoids the maintenance of the sprays required by the 
Bachman apparatus, but, on the other hand, the surface of the water 
is not constantly and rapidly renewed as it is in the Bachman design, 



Fig. 182. Mulleo gaa washer. 

and this is a point of much importance because when the surface of 
the water becomes fouled by a heavy layer of dust, other dust imping- 
ing upon this is not held but liable to be picked up again and carried on 
by the gas. 

Another dust catcher which uses the principle of having the gas 
impinge upon the surface of water is the invention of Mr, B. F. Mul- 
len, of Ijeetonia, Ohio. This dust catcher has had the widest applica^ 
tion of any apparatus of its type. The design is shown in Fig. 182. 
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The external shape of the apparatus is not unlike that of the standard 
dust catcher. The gas enters at the top and passes into the central 
chamber shown. This chamber is suspended from the dome of the 
dust catcher, its shell is lined with firebrick and its bottom constitutes 
a tube plate supported by the suspension rods L. Through the tube 
plate project a great number of short tubes through which the gas is 
forced to pass at a considerable velocity. The bottom cone of the 
apparatus is filled with water to a level from 4 in. to 6 in. below the 
bottom of the tubes. This level is maintained by overflow through 
the ports H around the circumference of the dust catcher body. 

Fresh water is introduced into the center through the pipe shown 
and flows regularly outward to the outlet ports H through which it 
discharges. This keeps the surface of the water constantly in motion 
and prevents its becoming too foul to hold the dirt thrown upon it. 

After the gas leaves the tubes and impinges upon the water surface 
it passes into the annular space around the central chamber and so to 
the outlet at the side. The top of the water outlet trough just beneath 
the ports H is sealed by a conical plate the bottom of which is riveted 
to the bottom of the trough, while its top is riveted to the shell of the 
dust catcher proper. 

The light dust which lodges on the surface of the water is carried 
away by the flow of the water, while the heavy dust which penetrates 
the surface is flushed off from time to time through the bell valve at 
the bottom of the cone. A later design is modified so that the outlet 
trough for the waste water is inside the main dust catcher structure 
instead of. outside of it, but the principle remains the same. 

This dust catcher has given very good satisfaction in use. The 
principal point to be guarded against is any fluctuation of the water 
level which will permit the end of the discharge nozzles to become wet, 
because if they do so the dust rapidly builds upon them and in time 
they become completely obstructed. A fact not generally recognized 
is that flue dust has a very cement-like quality and that when damp- 
ened it sets almost as hard as a good cement. This fact has proven 
the destruction of the number of wet dust catchers whose designers 
did not know how to provide against this difficulty. 

Through the courtesy of the representative of the Mullen washer I 
have obtained a copy of the results of a test made on one of these 
washers by the superintendent of one of the largest blast-furnace plants 
in the country, with a view to finding out if the apparatus were suit- 
able for the conditions at his plant. The results of this test showed 
that the gas leaving the dust catcher contained 2.28 grains per cubic 
foot of dust and after leaving the gas washer it contained 0.75. The 
representative of the gas washer claims that it is capable of doing 
considerably better work than this; even this reduced to a third the 
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total amount of dust carried in the stoves and boilers, and as a con- 
siderable proportion of the total is carried through by the stack gases 
without being deposited, the proportion which lodges in the stoves and 
boilers to their detriment is reduced in a considerably greater pro- 
portion. At the original plant where this washer was installed at 
Leetonia, Ohio, experience proved that they could rim the stoves for 
the whole blast without taking them off the furnace for cleaning, which 
would be quite impossible without some means for reducing the dust 
in the gas far below the percentage which it contains on leaving the 
dry dust catcher. 

Many other types of dust catchers have been built and tried out, 
but these described give the broad outlines of the art as it existed before 
the introduction of the gas engine. This forced a further step and a 
very long one in the direction of cleaning the gas, and as has so often 
happened, knowledge of the subject gained in learning to clean gas for 
gas engines has proven of great advantage in directions not contem- 
plated when that work was undertaken. There seem to be definite 
limits to the degree to which the gas can be cleaned by any type of 
dust catcher which depends upon gravity, centrifugal force, or impact 
upon the water surface or combination of any of these. The degree of 
cleanness so obtainable is barely sufficient for moderately good prac- 
tice with the stoves, and as has been previously explained, great econ- 
omies were effected by cleaning the gas a step beyond this point for 
use with stoves. 

Most of the processes used for the next step in cleaning have 
involved scrubbing the gas with water and this introduced another ele- 
ment in the situation. The gas as scrubbed picks up water vapor 
enough to saturate itself at the temperature at which it leaves the 
scrubber and this has a somewhat complicated effect. The gas as it 
comes from the furnace at a temperature of 300° to 500° carries a 
very considerable quantity of water vapor picked up from the stock 
which in a large proportion of modern practice is heavily sprayed with 
water just before being charged into the furnace. This water vapor is 
somewhat of a detriment to the gas since it acts as a dead weight 
during combustion and prevents attainment of as high a temperature 
as would be reached with the same gas at the same temperature, dry. 
By scrubbing the gas with water this temperature is reduced and its 
saturation point is so much lowered that water may actually be re- 
moved from it instead of being imparted by the scrubbing operation. 

It is obvious that we have here two conflicting effects. The reduc- 
tion of the temperature of the gas itself is bad because the sensible 
heat is an appreciable percentage of the total and if this is removed 
by any means, before the gas reaches the burners such removal re- 
presents an absolute loss. On the other hand, hot gas can carry an 
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enormous amount of water vapor and this moisture going through the 
system acts as a damper on the combustion and prevents the tem- 
perature from rising as high as it otherwise would. Therefore, to re- 
move the moisture is in itself a benefit. 

There has been a certain amount of misapprehension on this sub- 
ject. There have been in recent months two papers on the subject 
of gas cleaning, of which jointly the value probably exceeds anything 
published in English previous to that time. These are the papers 
of Mr. W. A. Forbes, "The Cleaning of the Blast-Furnace Gas," before 
the October, 1913, meeting of the American Institute of Mining 
Engineers, and that of Mr. A. N. Diehl at the February, 1914, meeting 
of the same Institute, entitled "Data Pertaining to the Gas Cleaning 
at the Duquesne Blast-Furnaces." 

From the former of these I shall presently quote extensively and 
from the latter also to a considerable extent, but both of these in my 
judgment give an erroneous idea as to the relative importance of re- 
moving moisture and of cooling the gas. Table 2 of Mr. Diehl's paper 
is reproduced here as Table 1 (see opposite page). 

It will be seen that he gives calculations showing the amount of 
heat obtainable per cubic foot of gas under three conditions. 

First — Washed and cooled to 70^ Fahr. and saturated at that 
temperature with water vapor. 

Second — Washed and cooled to 125° Fahr. and saturated at that 
temperature. 

Third — Unwashed at 400® Fahr. and containing 35 grains of 
moisture per cubic foot; in other words, its natural condition as it 
comes from the furnace. 

Three temperatures for the escaping products of combustion from 
the stack, 400° Fahr., 500° Fahr. and 600° Fahr., are taken for each 
of the three cases. 

Turning now to the third line from the bottom, "Total heat ob- 
tained per pound of dry gas consumed," it will be seen that the 
amounts in the three cases, all at 500° stack temperature are 1076.6 
B.t.u. for the first, 1088.43 for the second and 1166.49 for the third. 
It is obvious that the most available heat is to be obtained with 
hot gas in spite of high content of moisture. 

Mr. Diehl gives percentage figures for the three cases in the second 
line from the bottom of 83.23 per cent., 78.4 per cent, and 80.31 per 
cent. Based on these percentages he states that the dry cold gas gives 
the highest percentage of available heat. 

This is obviously incorrect, as the highest percentage must plainly 
on any correct basis of figuring coincide with the largest absolute 
amount of heat obtained. The error has arisen by counting as avail- 
able the latent heat of vaporization of the water vapor in the gas in 
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all cases. But this is in fact not available under any known con- 
ditions of boiler or stove operation since it would require gases to be 
cooled far below 212** to precipitate much of this moisture and re- 
cover its latent heat. 

It is obvious that if the unburnt gas comes in at 400** and goes out 
of the stack at 400° no loss whatever has occured, while if it goes 
out at 500*^ or 600*^, the only loss is th^t in superheating this small 
quantity of steam, 35 grains, or 0.005 lb., of water vapor, with a 
specific heat of 0.48 through a range of 100° or 200°, making a loss 
per cubic foot of gas of only a fraction of one thermal unit. 

In regard to the effect on the temperature produced by combustion, 
the results are similar. The quantity of air required for combustion is 
about equal in weight to the gas itself, therefore the reduction of the 
initial temperature of the gas by a given amount results in a reduction 
of the combustion temperature by about one-half of that amount; to 
cool the gas from 400° Fahr. down to 70° therefore reduces the theo- 
retical combustion temperature by about 160°. The removal of the 
moisture tends to raise the theoretical combustion temperature but 
quantitatively the amount of increase is smaller than the decrease due 
to the loss of sensible heat of the gas, about 100° against 160°. 

When the gas comes from a furnace which does not work a wet 
burden of ore or wet fuel the conditions become very much worse for 
wet scrubbing, because in that case there is but little moisture in the 
gas to be removed by a reduction of the temperature and therefore 
such reduction represents a net loss both of temperature produced 
by combustion and of thermal efficiency due to lower combustion 
temperature. 

In the discussion of the paper of Mr. Forbes above mentioned, it 
was stated by Mr. S. K. Varnes, of the Pennsylvania Steel Company, 
that at their furnaces they had introduced gas washers for the stoves 
but that they had been forced to abandon them because of the in- 
creased moisture and decreased temperature of the gas, which resulted 
in a decided lowering of the combustion temperature and corresponding 
reduction of the blast temperature that could be obtained from the 
stoves. On the other hand, great benefit has been derived from wet 
scrubbing, where wet ore is used. Thus it will be seen that each case 
must be handled on its merits. Clean gas is always desirable and un- 
doubtedly much cleaner gas will be used in stoves and boilers than we 
have been accustomed to in the past, but wet scrubbing should only 
be adopted after the most careful analysis of the conditions to see 
whether the net results will be beneficial or not, and if so, to what 
extent. There is but little use in supplying stoves with clean gas 
and then finding that we can get from them only lower blast tempera- 
tiu^es than we could with dirty gas. 
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With this introduction I cannot do better than quote extensively 
from Mr. Forbes' paper as follows: 

"DuM content in gas. — The gas leaving the usual dust catcher contains 
an average of from 3 to 4 grains of dust per cubic foot, and its further cleaning 
is accomplished in one or two principal stages, depending on the ultimate use 
of the gas; namely, primary cleaning and final cleaning. In primary cleaning, 
the gas is sufficiently cleaned for economical use in heating hot-blast stoves and 
for raising steam in boilers; it has been found that the best results are obtained 
when the dust content of the gas, after cleaning, does not exceed 0.2 grain per 
cubic foot. In final cleaning, the gas is sufBciently cleaned for use in gas engines, 
and in this case the best practice has resulted when the dust content of the gas, 
after cleaning, does not exceed 0.008 grain per cubic foot. 

Various systems and methods are employed for accomplishing the desired 
results. In modem practice, the gas leaving the blast furnace is, in practically 
all cases, conducted through downcomer mains and then through a dust catcher 
of large capacity, and in some cases through two such dust catchers in series. 
A considerable proportion of the heavier dust is deposited at this stage. From 
the dust catcher the gas passes to the additional cleaning apparatus through 
gas mains, usually equipped with downtakes and valves for the removal of the 
deposited dust. The mode of treatment from this point on varies considerably, 
according to the opinions of the operators as to the respective merits of various 
systems. 

*' Primary dry cleaning, — For primary cleaning, a separation of the dust 
without the use of water — in other words, dry cleaning — has been in favor 
at many plants on account of the ability to thus conserve the sensible heat of 
the gajs, which is lost when water is used. The fact, however, should not be 
lost sight of that the benefit derived from the sensible heat of the dry-cleaned gas 
is largely discounted by the amount of water vapor in the gas. This is espe- 
cially the case with gas from blast-furnaces operating with a high top tempera- 
ture and using ores and coke containing much moisture existing either free or 
chemically combined; the water vajwr affects the efficiency of the combustion 
of the gas. 

"An additional benefit of dry cleaning lies in the greater facility to recover 
and handle the flue dust in the dry state than in the form of mud or slime in 
the wet-cleaning processes. As before stated, the basic principles in practically 
all of these dry-cleaning systems depend upon a change in the direction of the 
gas, a reduction in its velocity, and the separation of the dust by gravity and 
centrifugal force. The various modifications by which this separation of dust 
is accomplished are all evolved from the so-called cyclone processes developed 
in Germany about 20 years ago. Some of these systems recently developed in 
the United States are the Brassert-Witting, the Roberts, the Kennedy, and the 
Dyblie. A description of the Brassert-Witting whirler and of the Dybhe whirler 
will illustrate the general principles of this type of cleaner. 

** Brassert-Witting whirler, — As shown in Figs. 183 and 184, the Brassert- 
Witting whirler consists of a vertical outer cylindrical casing, Ay and an inner 
inverted tube, By which at its upper end is integral with the gas main C, which 
takes the cleaned gas away from the apparatus. This inverted tube is flared 
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at ite lower end, D; a nuinbeT of iron or steel bars, E, are fastened vertically 
around the chamber F and extend from a point well above the lower edge of 
the flared end D of the pipe to a point well below the lower edge of this pipe. 
In the lower part of the chamber F is placed a cone, 0, wluch allows the sepa- 
rated duet to enter the outlet pipe. 
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Figs. 183, 184. Vertical and horiiontAl sections of Brassert-Witting wfairlcr. 

"The gas enters the apparatus tangentially through the flue H and is ^ven 
a rotary whirling motion through the annular space between the pipe B and the 
wail of the chamber A. On coming in contact with the bars E the dust is caught 
in the channels between these bars and is held in position by the combined 
action of centrifugal force and friction. As the gas continues to rotate within 
the annular spaces above mentioned, its velocity is gradually increased by the 
action of the flared end of the receiving pipe until when it reaches the lower 
edge of the end its velocity is at a maximum. On pasMng below this edge, the 
velocity is constantly decreased, the direction of the gas is changed and it passes 
upwardly through the flared end of the pipe to the outgoing gas main C. 

"The dust which has been caught in the channels between the baffle bars 
drops vertically into the bottom of the chamber, past the cone G and into the 
outlet pipe, whence it is removed as desired. 

"BraeseTt nwdijkaiions of Brasserfr-Witiing whirkr. — In the Brassert modi- 
fications of the Brassertr-Witting whirler, a sketch of which is shown in Fig. 185, 
the lower portion of E of the casing is larger in diameter than the upper portion 
B and is provided with a series of inwardly projecting baffle plates, F. The 
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lower portion G of the caeinK B ia cone-ahaped and constitutes the dust-receiv- 
ing chamber. In the bottom of this chamber is a cone, H, whose function is to 
direct the dust toward the periphery of the dust outlet pipe. Within tlie 
chamber / another cone, J, ia located and this cone is provided with a series 
of baffles, which are arranged as shown in Fig. 186. 
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Figs. 185, 186. Vertical and horisontal sections of Brassert 
modification of Brasaert-Witting whirler. 

"In Fig. 187, which is a further modification, a spu^, L, is provided for 
the purpose of directing the flow of the gas. The lower end of the outlet pipe 
is made barrel-shaped. The outer casing ilf in its lower portion N is suppUed 
with the bafiles 0, which instead of being mounted on the casing are bent in- 
wardly therefrom, thus forming the apertures P (Fig, 188). The section N of 
the casing is inclosed by an outer ca^g, Q, thus forming the annular chamber R, 
in which partitions S arc placed to prevent whirling of the gas in this annular 
chamber. 

"The gas is introduced and discharged and the dust is separated in a 
similar manner to that mentioned in the description of the Brassert-Wittii^ 
whirler. 

"Dyblie whirler. — In this whirler, as in moat of these types, the separa- 
tion is accomplished by combined centrifugal force and the action of gravity. 
One of the principal features in this particular whirler is the arrangement in 
the spiral separator of the entrance and exit openings in substantially the same 
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horizontal plane, obviating the neeeseity of the gas changing its direction of flow 
at a sharp angle. 

"Described in general terms, this separator consists of a spiral conduit, 
"the lower open edges of which connect with the dust-collecting chamber. The 
gas is introduced tangentially and follows a spiral course toward the central 
axis of the apparatus, the spiral conduit being mcreased in area before the gas 
enters the central chamber, prior to its exist from the apparatus. 



Figs. 187, 188. Vertical and horizontal sectione of Brassert modification 
of Braasert-Witting whirler. 

"The dust is separated from the gas by centrifugal force and gravity, and 
falls through the lower open edges of the spiral into the dustrCoUecting chamber. 
The central chamber is provided with a smaU openmg at its lower end, and 
connects with the innermost spiral of the sphal conduit. 

"In the accompanying sketches, Fig, 189 is a vertical section through the 
Dyblie whirler and Fig. 190 is a horizontal section. The gas enters tangentially 
from the gas main through the opening A in the shell of the casing; the gas 
impii^es upon the first turn of the spiral B and follows the turns of the spiral. 
A separation of dust from the gas occurs through centrifugal force, the particles 
of greatest specific gravity being thrown outwardly and falling by gravity to the 
bottom of the casing. At the point C, an increased area is provided between 
the spiral and the central chamber, which causea a decrease in the velocity of 
the gas, thus allowing a further separation. 
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"The inlet A and the outlet Z) are in substautiaUy the same horizontal 
plane, and this permits the separated material to drop out of the whirling gas 
and prevents its being caught up in the vortex, which happens when a sudden 
change in the direction of the flow of the gae occurs, 

"A deflector, E, located at one edge of the opening, is provided. This is 
in the shape of a hook, which acts to catch any dust which might be carried 
into the ca^g, and this completes the separating operation. 



FigB. 189, 190. Dyblie whirler. 

Jtetnarkg on efficimcy of dry cUaning. — It has been demonstrated m practice 
that dry cleaning by any one of the systems so far referred to, cannot be depended 
upon by itself to continuously clean the gas from blastr-fumaces uung much 
fine ore, to the degree desired for use in stoves and under boilers, the amount 
of dust remainmg in the gas ranging from 1 to 3 grains per cubic foot, depending 
. on the working of the blast furnace. Such systems have a value, however, 
in removing, by simple apparatus and at practically no operating eicpense, a 
certain proportion of the dust and so decreasing the duty upon any apparatus 
instaUed for further cleaning. 

"The alrave remarks on dry cleaning refer in no way to the Halberger- 
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Beth system, recently developed in Germany, which will be treated separately 
later on. 

" Primary wet cleaning, — For primary cleaning, in Europe in particular, a 
separation of the dust by the use of water has been preferred for many years 
to a dry separation, on account of the very much greater efficiency obtained in 
cleaning, and on account of the importance of reducing the water-vapor contents 
of the gas to a minimmn, thus allowing more efficient combustion. The cooling 
and washing of the gas are usually performed simultaneously, sufficient water 
being used to reduce the temperature of the outgoing gases to practically the 
temperature of the incoming wash water. Experience has shown that cooling 
the gas in this manner, to allow condensation and separation of the water vapor, 
causes less attendant loss of heating efficiency than prevails in heating with 
vapor-laden gas. 

"Z&chocke system. — Zschocke washers have been used almost entirely in 
Germany for wet primary cleaning. These consist of cylindrical or square 
steel towers fitted with a series of wooden grids or hurdles placed at suitable 
intervals within the apparatus. These hurdles are arranged in such a manner 
that the water, which is sprayed in at the top of the tower, is broken up 
into very fine streams, which drip down between the grids and meet the gas 
coming up, the gas being introduced at the bottom of the tower. The intimate 
contact so obtained wet 3 down the dust, which is carried with the water to the 
bottom. These Zschocke towers are usually water-sealed and cone-shaped at 
the bottom, and the latest type has a siphon arrangement; in either case, the 
dust is readily removed from the bottom of the apparatus. 

"Zschocke towers have been found sufficient to cool and clean the gas to 
the proper degree for use in hot-blast stoves, under boilers, and for similar 
purposes. A fan washer, into which water is introduced, is frequently used as 
an auxiliary to the Zschocke towers for primary cleaning, especially when the 
scrubbing capacity of the towers is small. 

"A water separator, equipped with internal baffles, is usually located beyond 
the washer to allow separation of the entrained water. 

"Zschocke washers are used considerably in the United States, and some 
additional systems have also been developed here for the wet separation of dust; 
for instance, the Duquesne spray tower and the Steinbart spray tower. The 
basic principle of these spray towers consists of the creation of a rain or spray 
by means of suitably arranged nozzles, and the gas is cleaned and cooled in 
passing through this spray. 

** Duquesne spray tower, — The Duquesne tower consists of a shell about 
80 ft. high by 12 ft. in diameter. As shown in Fig. 191, the tower contains 
five sets of double screens, the sets being spaced 6 ft. 10 in. apart. Under the 
first set of screens are distributed seven nozzles, the feed water for which is 
controlled by a valve outside the tower. Under the fifth set of screens, seven 
similar nozzles, also controlled by a valve outside the tower, are distributed, 
just above the range of the lower nozzles. 

"The controlling valves have a revolving core which successively blocks off 
the openings to the different nozzles, thereby temporarily stopping the flow of 
water and creating an area of low pressure directly above the nozzle. When 
the core has passed, the flow of water resumes through this nozzle and sprays 
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the gaa which has reached thia pomt. The core is revolved electrically, at the 
rate of about IS revolutions per minute, and a 5-h.p. motor U ample to operate 
four valves, which are sufficient for two towers. 

"The screens, which are placed above the nozzles, break up the wat«r into 
fine drops, permitting mtimate contact cS the gaa and the water. 



SectiononLine 9-9. 



Fig. 191. Duquesne epray tower. 

"In the operation of these towera at Duquesne, the gas rises through the 
acnibber at the rate of 4 ft. per second, and the water at the rate of 60 ft. per 
second with a head of 35 lb. main pressure. The gas is cooled down very effect- 
ively, the temperature of the outgoing gas being only from 5" to 6° Fahr. 
above the temperature of the incoming water, while the moisture content 
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averages only about 0.5 grain per cubic foot above the saturation point at the 
temperature of the outgoing gas. 

Stan gas washer. — "The Bian gas washer, aa shown in Figs. 192 and 193, 
consists of a stationary horizontal steel cylinder through which the gas passes 
from one end to the other. Inside the cylinder, there slowly revolves a shaft 
which carries a number of vertical disks consisting of wire netting of fine mesh. 
The diameter of these disks is very slightly less than the inside diameter of the 



F^. 192, 193, Bian gas washer. 

cylinder, and this arrangement necessitates the gas passing through the open- 
ings in the screens as it travels through the apparatus. The screens, to the 
extent of nearly half their diameter, dip into water contained in a trough upon 
which the open bottom of the cyhnder rests, and as the shaft revolves, the part 
of the screens which has been immersed rises from the water with the meshes 
covered with thin films of water, thus allowing thorough contact with the gas as 
it passes through the perforations, 

"Final wet cleaning. — (Some of these systems can also be appUed to 
primary cleaning,) 

"The amount of cleaning accomphshed in Zschocke and similar towers, and 
in the Bian washer, while satisfactory for stoves and boilers, was found to be 
not sufficient when the gas was destined for use in gas engines, and the systems 
of Theisen and Schiele were developed for this purpose. 

" Theisen gas washer. — The Theisen washer, as shown in Figs. 194 and 195, 
consists of a casing lined with a special wire netting, within which revolves at a 
high speed, a drum carrying numerous fan blades set at obUque angles to the 
axis of rotation, these blades or vanes being so fitted that they form a con- 
tinuous spiral curve. This allows the gas to be dran-n in at one end of the casing 
and expelled at the other end. Water is admitted at the side of the casing and 
is converted into a fine spray by the revolutions of the blades, and the spiral 
arrangement of these blades causes the spray to flow in the opposite direction to 
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the gas, which passes through this spray, being simultaneously cleaned and cooled. 
The dirty water leaves the apparatus by a water seal at the bottom. 

"The Theisen and Schiele systems of final wet cleaning have for years 
given very satisfactory results, but are now being graduaUy superseded by 
systems requiring less capital expenditure and less operating expense. Most 
of these S3rstems can be used for primary cleaning as well as for final cleaning, 
by installing in two stages. The most important of the wet^cleaning systems 
which perform as efiicient cleaning with the consumption of much less power 
and water than the Theisen and Schiele systems are the distintegrator system 
of Theisen, the disintegrator system of Schwarz-Bayer, the Fowler & Medley 
rotary washer, and the Feld rotary washer, while the Halberger-Beth dry-clean- 
ing system of filtration through canvas is remarkably efficient in cleaning and 
is cheap to operate. Following is a detailed description of each of the systems 
mentioned, together with several other modem systems: 

*' Theisen disintegrator gas washer, — There are two styles of Theisen dis- 
integrator gas washers. One style consists of a casing in which the gas enters 
by two apertures at the base of the apparatus and is washed by a spray of 
water in a perforated drum or cage equipped with vanes, the drum revolving 
within a stationary drum, the gas being drawn through the apparatus by a fan 
mounted on the same shaft and discharged with the necessary pressure to carry 
it to the point of consumption. The second style also has the fan mounted on 
the shaft, but the fan is inclosed within the disintegrator. 

"The Theisen disintegrator consists of a series of rotary and stationary 
perforated drums or cages arranged concentrically within one another, as shown 
in Fig. 196. The stationary drums consist of round bars and the revolving ones 
of angle bars. The hot raw gas enters the apparatus at the bottom, meets the 
effluent water and undergoes a preliminary cooling and cleaning in the lower 
part of the machine. The gas is drawn in coimter-current through the series 
of rotary and stationary drums by means of a fan. The water is converted 
into a fine spray by the centrifugal action of the rotating drums, and the gas, 
passing through this spray, is cleaned. The fan is located in the same casing 
and on the same shaft as the rotary disintegrating drums, the shaft being direct 
motor driven. Fresh water is introduced into the innermost rotating drums in 
the form of a finely divided spray. 

"The cooling and cleaning of the gas and production of the pressure necessary 
to conduct the clean gas to its [X)int of consmnption are all performed in one 
apparatus and with one motor. It is stated that this disintegrator is an improve- 
ment over the former Theisen apparatus, requiring much less power and water, 
and performing the necessary cleaning of the gas without preliminary towers. 

^'Schwarz-Bayer disintegrator gas washer. — The Schwarz-Bayer system of 
gas cleaning makes use of the disintegrator principle, and its general arrange- 
ment is simple. The complete set of gas-cleaning apparatus consists of the 
disintegrator in connection with a saturating chamber in the form of a hood; 
then a fan placed immediately behind the disintegrator, and finally a water 
separator. In case both primary and final cleaning are desired, two such sets 
of apparatus are used, the second of which further cleans the gas which has 
been primarily* cleaned in the first. 

"The disintegrator, as shown in Figs. 197 and 198, consists substantially of 
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two sets of steel pins, cold-riveted to two steel disks, which disks are set side 
by side and revolve in opposite directions. The pins of one revolving disk, 
which interlace with the pins of the other revolving disk, form with the wat«r, 
through the effect of rotation and dripping, a fine spray or mist, which allows 
a thorough mixture of the water with the gas traveling among and between the 
pins before leaving the apparatus. 



Fig. 196. Theiscn disintegrator gaa washer. 

"The gases from the blaat-fumace pass from the raw gas mains directly 
into the disintegrators without previously pasung through Zschocke towers or 
^milar preliminary washer or cooler. The gas enters through the top of the 
hood and passes toward the center of the disintegrator, while water is being 
introduced through the sides to the center. The hood acts to some extent as a 
pre^leaner and cooler, as some of the spray from the disintegrators is thrown 
into the hood and there comes in contact with the hot gas and rapidly evap- 
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orates, simultaneously cooling the gas. By the revolutioa of the disintegrator 
the water iij projected toward the periphery of the apparatua and is broken 
up into a fine spray; the goa mixea thoroughly with this water and is cooled, 
and most of the dust contained in the gas is precipitated. The gases pass through 
the disintegrator in a current counter to that of the water. 



FigB. 197, 198. Schwars-Bayer discntpgrator gas washer. 

"The application of the counter-current principle enables the gas to encounter 
cleaner and colder water in its passage through the disintegrator; hence' it is 
better cleaned, and its temperature is reduced more nearly to the temperature 
of the enteriag cooling wiiter. This principle has the effect of materially redu- 
cing the amount of water and power consumed. Each disk ia direct driven by 
an individual motor and the speed is determined by the degree of eleanlineaa 
desired in the gas. The gas is drawn through the disintegrator by means of a 



CLEANING AND WASHING THE GAS 313 

fan located immediately behind the disintegrator apparatus, and passes from the 
fan to a water separator. 

"The use of pins in this apparatus as a diantegrating medium allows the 
passage of the gas with very little resistance, and a consequent saving in power. 
There is also very little possibility of the dust settling on the pins and clogging 
up the apparatus. 



Fig. 199. Fowler & Medley vertical gas washer. 

"Fowler and Medley vertical gat waaher. — This apparatus, as shown in 
Fig. 199, consists of a circular cast-iron casing containing a revolving shaft 
running vertically through the middle. On this shaft are fixed a number of 
disks, made either of steel or of cast iron, depending upon whether the water 
used is alkaline or acid. Each disk is equipped with a collar separating it from 
the adjoining disks, and each collar is punched or drilled with six holes, through 
which six bolts pass vertically, thus holding all the disks in place. The shaft 
is direct driven with a vertical-spindle motor. Two fixed water sprays are 
provided for each disk, diametrically opposite each other, one on each side of 
the waaher and projecting between each pair of disks. The jets of water, which 
are introduced through nozzles having about J-in, openings, enter with suRicient 
pressure to strike the collar between the disks, and, as the disks revolve, the 
water is thrown against the top and bottom of these disks and then against 
the outside wall of the casing, creating a fine spray or mist in the space between 
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the outer edge of the disk and the waU of the casing, through which space the 
gas passes. The gas enters the washer at the bottom, passes through this spray 
or mist, and leaves clean at the top. 



Fig, 200. Feld gas waeber. 

"This washer can be used for either primary cleaning or fmal cleaning, or 
both; in case final cleaning is desired, two washers would be uaed in series, 
the first apparatus to clean the gas sufficiently for primary purposes and the 
second apparatus to finish the cleaning of the gas for gas-engine use. 

"Feid gas washer. — The Feld washer, as shown in Fig. 200, consists of a 
series of superimposed sections, the bottom of each section being provided with 
ports for the passage of gas. The gas enters the bottom of the washer and 
passes from chamber to chamber to the top, whence it is led away. Each section 
or chamber is provided with a series of cones perforated at the top and mounted 
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upon a cast-iron spider, which is carried on a vertical shaft. The shaft is 
suspended at the top in a specially designed anti-friction bearing, arranged so 
as to reduce the power required for operation to a minimum. The water is 
admitted into the top of the washer and overflows from section to section 
through the gas ports, the dirty water saturated with dust leaving the bottom 
of the washer. 

"When the shaft revolves, the cones do likewise, and the water is raised by 
centrifugal force along the inner sides of the cones and is atomized at the upper 
edge. This upper edge of each cone is a little higher than the next outer one, 
thereby forming a certain number of horizontal sprays of water, depending on 
the niunber of cones. The upper portion of the outer cone, which is somewhat 
higher than the inner one, is perforated. The inner cones supply water to the 
perforated surface of the outer one. This results in the formation of a series of 
cascades composed of very small drops of water, through which the gas must 
pass en route through the apparatus. 

"The washing is accomplished mostly in the lower sections, while the upper 
sections perform primarily the fimction of cooling the gas. 

"For primary washing, the Feld washer is constructed with seven chambers 
or sections, the lower three being the washing chambers, the fourth one being a 
separating chamber and the upper three being the cooling chambers. For 
final washing, in the case of the gas being required for gas-engine purposes, the 
gas after being primarily cleaned is passed through an additional washer of the 
same general arrangement. i 

^'Reco centrifugal gas washer. — This gas washer is constructed by the 
Roessing-Emest Company, of Pittsburgh, Pa., and is designed to cool, clean 
and, if necessary, dry the gas in one apparatus. This washer consists substan- 
tially of a vertical outer casing, a tube whose lower end is provided with serra- 
tions extending to within a few inches of a water seal, a revolving inverted cup, 
and a sleeve casing attached to the inverted cup. The outer casing, the cup, 
the tube, and the sleeve casing are provided with shelves and vanes. The 
apparatus is belt-driven. The spindle of the rotor on which the driving pulley 
is fastened is hollow, and the weight of the rotor is taken up by the shaft inside 
of this sleeve held by a ball bearing which is backed by a rubber buffer in order 
to equalize any irregularity during rotation. 

"As shown in Fig. 201, the hot gas enters the apparatus at the point A, 
passes over the water, a certain amount of which the gas takes up by evapora- 
tion, and then passes into the tube B through the serrations at its base. During 
its passage through this tube the gas and water vapor are subjected to a thor- 
ough beating and mixing by the action of the vanes C of the revolving sleeve 
casing Z>, fastened to the top of the inverted cup E, The gas passes into this 
inverted cup, which is rotated by the driving sleeve F and the pulley G, and 
then flows downward, around and under the lower edge of the cup and then up- 
ward between the cup and the outer casing H, The outer surface of the revolv- 
ing cup is provided with concentric shelves K and the outer casing H is provided 
with downwardly inclined shelves /, which receive the washing water from the 
water-sealed stuflSng box / and through a series of water pipes L. The water, 
falling on the rapidly rotating shelves of the cup, is thrown by centrifugal force 
against the inner walls of the casing and thence flows downwardly along the 
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inclined shelves, dripping on to the next rotating shelf, and so on. In this 
way the gas, while subjected to a thorough whirling and beating action, has to 
pass upward through several films of finely divided water or spray while the 
water passes downward, carrying with it the separated impurities. 

"The apparatus operates on the counter-current principle, the cleanest 
gas passing from the apparatus meeting the cleanest water entering the 
apparatus. 




Fig. 201. Reco centrifugal gas washer. 



^r.-v^rj 



"The upper part of the casing is provided with a rack which, it is stated, 
can be packed with suitable drying material in case it is desired to dry the gas 
before leaving the apparatus. 

"Sepulchre gas washer. — This system is designed as a final washer to further 
clean primarily cleaned and cooled gas to the degree necessary for use in gas 
engines. The principle of this system consists in creating in a vertical tower 
a very fine spray or mist of water by means of an injector of the Korting type, 
in which water under pressm-e is atomized by means of compressed blast- 
furnace gas, the spray being produced by the expansion of the compressed gas. 
An intimate mixture of the spray so formed, with the dirty gas entering the 
apparatus, is obtained by the arrangement of the apparatus. 

"A separator is provided in connection with this apparatus, which consists 
substantially of a cone arranged in the lower part of the tower in such a way as 
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to leave between the base of the cone and the walls of the tower a very narrow 
passage, through which the gases are forced over the surface of a water seal, 
where the dust and water vapor are deposited. 

"In the accompanymg drawing, Fig, 202, A is the vertical tower, the lower 
end of which terminates a short distance above the surface of the water seal D. 
Within the lower end of the tower is arranged 
a conical deflector, C, and near the top of the 
tower la the gas inlet, B. The lower section 
of the tower A is surrounded by a casing which 
is open at the bottom and extends beneath the 
surface of the water in the seal. A gas outlet, 
E, is provided in connection with the outer cas- 
ing. The Korting injector is located at F and 
the feed water for same is supphed through the 
pipe G. The pressure is supplied by withdraw- 
ing a portion of the purified gas from the outlet 
pipe E and f<^%ing this by the compressor K 
through the pipe H mto the injector simultan- 
eously with a stream of water. 

" Fijial dry leaning. — (Some of the follow- 
ing systems can also be applied to primary 
cleaning.) 

" HaJberger-Belh gat-deaning ayglem. — The 
principle of the Halbcrger-Beth system, shown 
in Fig, 203, is based primarily on filtering the 

gas through canvas bags. The gas coming Fig. 202. Sepulchre gas washer, 
from the blast-furnace passes through the usual 

dust catchers and gas mains to a cooling tower, where the t«mperatui« of the 
gas is reduced to about 175° Fahr. The cooling tower is arranged so that 
the necessary amount of cooling can be accomplished either by air or by direct 
contact with water, depending on the temperature of the gas entering the cooler, 
which temperature is naturally variable, in accordance with blast-furnace 
conditions, 

"From the cooler, the raw gas, by means of the suction of a fan placed 
beyond the filters, or without a fan when the pressure of the gas issuing from 
the furnace is sufficient, passes into and through the canvas filtering bags, 
deporting its impurities on the surface of the bags. These canvas filters are 
contained in a series of double compartments, each usually holding twelve 
canvas bags in rows of three by four. Each bag is about 8 in. in diameter by 
9 ft. 9 in. long, and is equipped with a ring at each 18 in, of its length to prevent 
entire collapse of the bag when cleaning. The bags are fastened into a sta- 
tionary header at the bottom, this bottom end being open, while the top is 
closed by a steel plate. Each bag is connected with a shaking mechanism located 
outside and above the filter compartment, and at regular intervals, usually about 
every four minutes, these bags are automatically shaken, a compartment at a 
time, for a period of from fifteen to twenty seconds. By means of a butterfly 
valve, the uncleaned gas is shut off from the compartment while the shaking is 
in prepress, and cleaned gas, superheated to the proper temperature of about 
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ITS" Fahr., is forced under pressure into the compartment. This causes a 
partial collapse of the canvas bags, which, in conjunction with the simultaneous 
shaking, allows the duat to fall from the canvas. The separated dust drops into 
a hopper beneath the sacks, whence it is transferred by means of a spiral con- 
veyor to a bin, from which it ia loaded into cars. At the end of the cleaning 
period the butterfly valve automaticaUy returns to its ori^al portion and filter- 
ing commences again. 



Fig. 203. Halberger-Beth gas-cleaning system. 

"It is quit« necessary to keep the temperature of the gas at about 175° 
Falu*., as if much higher than this there is danger of scorching the bag, while 
if lower the water vapor in the gas is deposited on the canvas and prevents 
proper filtration. In case the gas becomes cooled below 175° Fahr. in the 
coolii^ tower it is superheated by means of steam or by waste heat from the 
hot^blast stoves to about this temperature before entering the filtering bags. 
After leaving the canvas bags, the gas requires no further cleaning for gas 
engines and is cooled down to the proper temperature in cooling towers of various 
designs. 

"The degree of cleanliness of the gas is indicated by the clearness of the 
effluent water from these towers and no settUng basins are required. Conse- 
quently, this water can be used over and over again, which is a material item 
in districts where water is scarce. A further advantage lies in the non-pollution 
of streams, the laws relating to which are very strict in certain districts. 

"This system utihzcs the basic principle employed in the "bag house" 
system, which has been used for the last twenty years in connection with recov- 
ering zinc dust from the gas issuing from zinc-oxide furnaces and collecting 
dust from lead smelters. 

" The Kapnograph. — This instrument, shown in Fig. 204, continuously indi- 
cates the relative degree of cleanhness of the blast-furnace gas going to the gas 
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engines, and is extensively used in European gas-engine stations. Gas from 
the cleaned gas main passes through this apparatus and impings upon a con- 
tinuous recording chart, upon which the dust and the gas is deposited. The 
variations in the amount of dust in the gas are indicated by lighter or darker 
shades on the recording paper, depending on the amount of dust deposited. 
The flow of gas to the instrument is maintained either by the natural pressure 
of the gas, or, if this is not sufficient, by an aspirator behind the outlet pipe. 
The speed of the gas to the nozzle is kept constant by means of a regulator, as 
shown in sketch, the excess gas over the required amount escaping into the 
outlet pipe by passing under a partition and through a seal of water. 

*^ Methods of determining the amount of dust in blastrfumace gas. — A method 
employed with good results in Europe for determining the amount of dust in 
the gas consists in drawing a definite quantity of the blast-furnace gas to be 
tested through a filter, which is weighed in a dry condition before and after the 
test. The apparatus for determining the amount of dust consists of a glass 
tube drawn out at one end and fitted at the other with a ground-glass cover which 
is also drawn out to a thin tube. This cover facilitates the placing of the filter- 
ing material in the tube, and during the test the cover is fastened to the tube 
by means of wire. Before the test, the glass tube, filled with suitable filtering 
material, is placed in a drying furnace and heated at a temperature of 105® 
C. until its weight is constant, which usually requires from one to two hours. 
The drying fiunace is arranged so that several tubes can be dried simultaneously. 

"Diu'ing the drying process air is drawn through the tubes after having 
previously been thoroughly dried by passing through bottles containing calciimi 
chloride and concentrated sulphuric acid. During the drying process the tubes 
are weighed until no further decrease in weight is observed. 

"In making the test, the weighed tube containing its filtering material is 
inserted into the gas main, a rubber stopper keeping the test-hole tight. The 
upper end of the tube is connected with a gas meter, which in turn is connected 
with a barrel filled with water. The water is allowed to flow out of the barrel 
and in so doing creates the necessary suction to draw the gas through the filtering 
tube and through the gas meter. When the necessary amount of gas has been 
withdrawn the tube is again dried and weighed. The increase in weight in- 
dicates the amoimt of dust in the quantity of gas tested. 

^^ Brown dvM, rrmsture^ and volume determinator for hlasirfumace and other 
gases, — This apparatus has been devised in order to determine accurately the 
amount of dust and moisture contained in blast-furnace gas, as well as the 
volume of the gas, and is used with considerable success. 

Referring to the accompanying drawing. Fig. 205, i4 is a gas main conve)ring 
the gas to be tested. B is an aperture in the small pipe through which samples 
of the gas are drawn. C is a filtering medium within which the solid constit- 
uents of the gas are deposited. Z) is a conduit leading to the exterior of the gas 
main through which the filtered gas is conducted. E represents a flexible con- 
nection to a surface condenser, F. G represents a receptacle for some chemical, 
such as calcium chloride, which can be used for the purpose of taking out the 
moisture contained in the sample. H is a. conduit from this moisture-removing 
receptacle to the rotary air pump, /, or through the by-pass / to the three- 
way valve K and thence to the gas meter L, where the volume of the sample is 
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determined, together with its temperature and pressure; these latter by means 
of the thermometer M and the U-tube iV, respectively. An electric motor, O, 
is used to operate the piunp / through the variable-speed drive P. 

"An indication of the velocity of gas or gases in conduit A is transmitted 
through aperture Q in the sample pipe and conduit R to horizontal pressure 
gauge S; also an indication of the velocity of gas or gases after passing aperture 
B is transmitted from aperture T through conduit U to horizontal pressure gauge 
S. It is evident that changes of the velocity of the gas or gases in aperture B 
of sample pipe, produced by the suction of pump / or by pressure in gas main 
A, are indicated, and can be accm-ately controlled and made equal to the velocity 
of the gas or gases in conduit A, the gas main, such indicator being the oil 
piston shown in glass tube forming a part of the velocity gauge S. 



I !M 




Fig. 205. The Brown dust, moisture and volume determinator. 

"The method of operating this apparatus is as follows: The dry weights 
of the filtering medium C, of the receptacle G, containing the calcium chloride, 
and of the measuring flask attached to surface condenser F, are very care- 
fully determined. They are then inserted in the apparatus, and the sample 
pipe is then inserted in the gas main, a tight connection being made between 
flange W and bushing V, The meter reading is noted. At the same time that 
the sample pipe is inserted in the gas main A, the time is noted, and the rotary 
pump / started. The speed is then so regulated that the oil piston in the hori- 
zontal pressure gauge S is maintained in equilibrium. This indicates that the 
velocity in aperture B is exactly equal to the velocity in gas main A, this con- 
dition having been determined by a measured amount of gas in gas main A, and 
the proper proportioning of aperture and conduits in the sample pipe during 
the calibration tests. This condition is maintained for an indefinite length of 
time and the sample pipe is then withdrawn from gas main A. The meter 
reading, multipUed by the ratio of area of aperture B to area of gas main A 
gives the total amount of gas passing through gas main A in the elapsed time. 
The difference between the dry weight of the filtering medium C, before and after 
the test, divided by the niunber of cubic units shown by the meter, gives the 
weight of dust per cubic unit. The moisture per cubic unit of gas is found in 
a similar manner from the sum of the weights of the water in drying receptacle 
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6, the water cai^ht in the measuring flask attached to surface condenser F, 
and the weight of water retained in the filtering medium C." 

Figs. 206 to 211 are reproduced from Mr. Diehl's paper as showing 
approved types of construction. The text of Mr. Diehl's concerns 
itself principally with operation and does not concern us here. 



Fig. 206. Duquesne gas-cleaning plant, fihowing sorubbere, wilh 
intake from dirty-gas main and offtake to collecting main; also 
settling basins. 

In addition to the processes so clearly described by Mr. Forbes, 
there are various others designed to remove the dust from the gas in 
the dry state, but as these have had no extensive application for the 
blast-furnace process, they may be omitted here. 

Even since the time of Mr. Forbes' paper there has been an exten- 
sive development in Europe of the Halberger-Bcth process of which 
there are now almost thirty plants in use in Europe and the number 
has been rapidly increasing. American furnacemen have been slow 
to take up this process and have acted in this matter along the same 
line as in many other cases; where an apparatus requires careful super- 
vision or where its maintenance charges are high, operating economies 
secured by its use are disregarded. The same has been true in regard 
to the gas engine, by-product coke oven and many other kinds of 
apparatus. 

This attitude is one often censured not only by foreigners, but also 
by Americans who do not consider all the aspects of such problems, 
particularly the financial one. The relative cheapness of capital and 
supervision and the costliness of raw materials in Europe as contrasted 
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Fig. 207. The course of the gas through the cleaning processes 

to stoves, boilers and engines. 
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with the high cost of capital and supervision in America and the low 
cost of raw material constitute no small measure of justification for 
the American attitude. 




Fig. 20&. Section through fans, &nd method of pacing gaa through aeaie and Bepantats. 

There is reason to hope that a process may soon be developed 
superior to either the wet processes or bag filtration plant and less 
complicated and difficult of maintenance. I refer to the Cottrell pro- 
cess for the electrical precipitation of the dust by a high-tension direct 
current passing through the gas column. This process has been devel- 
oped to complete success in several lines of industry but its sponsors 
have hesitated to attack the blast-furnace problem on account of ite 
size and the complexity of the conditions. If this process is ever 
worked out to a commercial success it will furnish gas absolutely clean 
with no loss of temperature and with no increase in its moisture. 
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These are the ideal conditions for the use of furnace gas for combustion 
purposes. For the gas engine it must in any event, in present practice, 
be cooled about to atmospheric temperature, and this, of course, can 



Fig. 210. Section through Theisenfl, aeala and separatora. 

easily be done by a direct spray after the dust is removed. Perhaps 
the time might even come, if hot cleaned gas were available, that the 
gas engine could be adapted to its use and thereby further increase 
its economy. 

In conclusion it may be said that it is impossible at the present 
time to write a history of gas cleaning. The whole development of gas 
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cleaning in this country covers barely twelve years in all and nine- 
tenths of it has been in the last seven or eight years. The advant- 
ages have become manifest and all furnacemen have sought a way 
rather than the way to clean the gas and undoubtedly they were right 



Fig. 21 1 . Dirty-gas main with clcan-gos main at higher level, 
also the end of the refined'^as main leading from the Thei- 

Bcna to the ei 



in this course, for the plants installed early, even though not the last 
word of perfection in the subject, will have paid for themselves in bet- 
tered operating conditions before the much-to-be-desired best method 
is developed. It is possible, therefore, with this rapid development 
in progress, only to give an outline of the subject and to state briefly 
the principles which underlie its application. 



CHAPTER VIII 
HANDLING THE IRON AND CINDER 

In the early days of the blast-furnace it was probably the custom 
to allow«the iron to run out in puddles in front of the furnace and there 
cool, but soon this crude practice developed into making a runner 
leading away from the furnace and putting short lateral runners off 
from one side of it so as to mold the iron into convenient shape for 
future handling. The runner was rather crudely formed as were the 
lateral runners, which were few in number. 

The general appearance of the whole arrangement was roughly 
similar to that of a sow with a litter of suckling pigs. From this 
comes the name of "pig iroft," while the runner from which the in- 
dividual "pigs" are cast is known to this day as the "sow." 

In still later times as outputs grew, the pigs were not cast directly 
from the main central runner, but this branched into lateral runners at 
right angles to its course, and from these, at right angles again and 
therefore parallel to the main runner, ran the individual pigs. The 
combination of the branch runner or sow and the pigs which go with 
it are known as a "bed." 

This system of casting the iron persisted as practically the only 
method of handling it until very recent years. Even at the time of 
the "Duquesne Revolution" when nearly everything else about the fur- 
nace was improved almost past recognition, the handling of the iron 
was changed in detail rather than in principle. 

Casting in sand beds. — The runner and beds were until about 
twenty years ago practically always made up in sand, since sand does 
not wash in a liquid with a high surface tension like a molten metal, 
and at the same time is porous enough to permit the free escape of 
the gases generated by the action of the intense heat of the iron 
on the water and organic matter the sand contains. This is a matter 
of the utmost importance because if free escape be not permitted, 
when the pressure of the gases generated has risen to that correspond- 
ing to the depth of metal upon them, they bubble up through the 
liquid metal and this action is very vigorous because the head de- 
creases as the gas rises, while the volume of the gas simultaneously 
increases as it bubbles up through the metal. 

The consequence of these ebullitions is that the sand is disturbed 
when the gas is released, and the hot iron is given access to wetter and 
fresher sand underneath, with consequent generation of more gas and, 
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its release in turn, with a still greater tendency toward violence. This 
action continues progressively, if it once gets started, until a "boil" 
results. 

These are spectacles of impressive beauty, like magnificent fire- 
works, for those not concerned in their results, but are frightfully 
expensive, not only in the loss of iron, but in the difiiculty of removing 
that which remains in the center after the boil is over. 

The depth to which one of these boils will dig in a short time is 
almost beyond belief, and if one occurs close to the front of the furnace 
so that there is no room to deflect the iron above it, it constitutes one 
of the worst interruptions that can befall the operation of the furnace. 

I have seen a mass almost wholly of iron, but* with a little cinder 
on top, about the shape of a huge strawberry, six feet in height and 
more in diameter, taken out after a boil at the end of the iron trough 
of only a few minutes duration. The difficulty of digging down to the 
bottom of such a boil and draining the liquid iron from the bottom of 
it is enormous, and a delay of hours in the operation of the furnace is 
practically certain to occur as a result of such a catastrophe in this 
location. For this reason the quality of the sand used in the pig beds, 
and particularly in the runner, is of vast importance. It must be 
coarse* and open-grained, practically free from clay to prevent boils, 
and must also be free from lime, oxide of iron or any similar mate- 
rial which can unite with the silica at the high temperature of the iron 
and form a slag, since if such a slag be formed it causes great waste 
of sand, dirty iron and a tendency to make boils by sealing the pores 
of the sand beneath. 

LATER DEVELOPMENTS 

The first great change chronologically from this established method 
of handling the iron was the introduction of the mixer, of which, how- 
ever, it will be more convenient to treat later. 

Casting in chills. — Next to this came a change forced by the intro- 
duction of the basic open-hearth process for the manufacture of steel. 
In this all silica introduced into the open-hearth furnace has to be 
slagged with lime of something like twice its own amount, which it is 
very likely to sieze from the bottom of the furnace, and so cause rapid 
wear of the latter, as well as heavy expense in the consumption of 
lime and fuel to melt the slag formed. 

For this process, therefore, some substitute for sand casting was 
found to be almost a necessity; this was found in the use of chill 
molds. These are virtually pig beds of cast iron which replace the 
ordinary sand beds and are fed from the central sand runner, the same 
as the original sand bed. These chills are not a modern invention; I 
have seen one which was made, and presumably used, at a charcoal 
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furnace before the Civil War, but real need for sandless pig iron did 
not develop until the early nineties, and until then chills never came 
into general use because they are somewhat troublesome until the de- 
tails of handling them are learned. 

Certain irons, particularly hot irons, low in silicon, and made on 
a very limy furnace, have the power of attacking and melting away the 
surface of cold cast iron and so "burning" to it. Obviously if this 
action took place to any extent the pigs would burn fast in the chills, 
and it would be impossible to remove them. To prevent this the 
chills are washed with a solution of clay water soon after the removal 
of the cast from them, their heat then dries the water and leaves a 
coating of clay all over the molds. This is virtually infusible and serves 
to protect the chill from the action of the iron unless the latter is of an 
unusually cutting nature, when it sometimes burns fast to the chill 
in spite of the' clay. Sometimes lime is used in place of clay, but clay 
is more easily held in suspension in water than Ume, and is, therefore, 
more easy to apply uniformly. 

These chills are exposed to enormous stresses. The whole bed of 
iron is obviously the same size as that of the chill at the instant of 
solidification, but ^ the iron cools off the chill absorbs its heat so that 
one gets hotter and the other colder. In order to get the cast out 
quickly it is customary to water it down with hose nozzles as soon as 
the iron has solidified, and this of course throws still greater stresses 
upon the chills, but if the molds in the chill which form the pigs are 
of the proper shape and properly reinforced, they stand up very well 
under this treatment. It is necessary to haVe a considerable thickness 
of metal below the bottom of the pig, six inches is a minimum and 
eight is considered better. The bars between the pigs are known as the 
"cores," and including these the average thickness of the chill is from 
nine to twelve inches. The width of the chill in the direction of the 
length of the pig is over four feet and its length may be anything dic- 
tated by the size of the cast house and local conditions, but beds 
eighteen or twenty feet long are not uncommon. 

A brief calculation will show that these must be very heavy and in 
fact they weigh many tons. In some cases the beds are cast in two 
or three pieces, as this reduces the contraction strains and increases 
their durability; it also makes the individual pieces much easier to 
handle, although it is more troublesome to keep them in line with one 
another when made this way, unless longitudinal bolts are provided 
for holding them together, this is sometimes done and is good practice. 

Breaking the Iron. — Each bed of iron when cast is obviously in 
the form of a huge comb and to render it merchantable this comb 
requires to be broken apart, and almost universally in foundry work the 
individual pigs require to be broken in two. This labor was in earlier 
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days performed exclusively by hand and still is in many cases. There 
are two ways of breaking, hot and cold; the former requires the less 
labor but is the hotter and the more disagreeable. It is done by 
catching the iron at the temperature immediately below soUdification, 
when it still has very httle strength, and breaking the pig from the sow 
by the use of a crowbar applied under the junction of the two. The 
men wear clogs with wooden soles an inch thick, kept soaked in water 
when not in use, which are strapped to their shoes. A good deal of 
dust arises from the distiu'bance of the sand, while the radiation from 
the pig beds is very great in spite of the fact that a thin layer of sand 
is sprinkled over them, which cuts the heat down very greatly. 

In the South, where the conditions of atmospheric heat and humidity 
are relatively bad, the custom has arisen of allowing the men to break 
the iron cold. The beds are watered down as soon as they are cooled 
below the point where sudden chilling affects the fracture and appear- 
ance of the iron, the men then go on the beds with heavy sledges and 
crowbars and break the iron from the sow and break the individual 
pigs in two. This requires more labor and so is more expensive, but 
the work is more endurable for the men. 

When the iron is cast in chills it is watered down and as soon as it 
has solidified the men work on it in pairs. One takes a short crowbar 
in each hand and pries up the point of the pig where its contraction 
has shortened it up so as to leave a gap of about half an inch between 
it and the chill. This man puts a heavy upward strain on this point 
with his hand bars, while his partner strikes a hard blow at the junc- 
tion of the pig and the sow with an extra heavy sledge. This breaks 
the pig off from the sow and the latter is pried up and broken into 
two or three pieces by sledging, after the pigs are all broken from it. 
Casting the iron into chills instead of casting.it in sand exercises a 
profound influence on its structure, particularly with irons low in 
silicon such as are required for the basic open-hearth process and for 
which chills are used. If the iron be 1 per cent, or over in silicon its 
fracture is markedly different, when cast in chills, from that produced 
by casting in sand; it is much closer and finer grained, but the gen- 
eral nature of the iron is not much affected. But when the silicon 
gets down below 0.8 per cent., particularly if the sulphur be above 0.05 
per cent., the iron begins to chill, and if the silicon drops still further it 
becomes perfectly white, very hard and excessively brittle. This is an 
advantage for steel-making purposes since it has been proven that 
chilled iron melts more easily than the same iron not chilled, and there- 
fore this facilitates melting down the iron in the open-hearth furnace. 

But for general foundry work iron cast in chills has only been 
introduced very slowly and after much missionary work among foun- 
drymen who have very largely learned to judge the iron by its fracture 
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and general appearance, an iron of open grain with large crystals being 
in general much superior from the foundryman'a point of view for 
general work to a close-grained iron with small crystals. Therefore 
casting in chills converted good iron into bad from the foundryman's 
point of view, and if the silicon waa a trifle low, converted a really use- 
ful iron into one which foundrymen would not consent to use under 
any circumstances because it was "white," 

This condition is gradually wearing away as foundrymen come to 
use analysis instead of fracture to judge the quality of their iron, but 



Fig. 212. Interior of cast house with pile of "combe" from pig 
beds. Crane lifting one pig bed out of sand. 

many merchant furnaces supplying the foundry trade still continue to 
cast their iron in sand, and will for years to come. 

Pig breaker. — The labor involved in these operations is generally 
not excessive measured in foot-pounds of work performed, but must 
be done in a relatively short time to permit the cast house to be cleared 
for the next cast, therefore the men have to do the work under high 
pressure and under excessively disagreeable conditions owing to the 
heat and dust. 

In order to overcome these hindrances to continuous and inexpensive 
operation the Duquesne furnaces were provided with chill beds, but 
they were also provided with a crane in the cast house and the indi- 
vidual pigs were made vastly larger, both of heavier cross section and 
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much longer than the ordiDary pig, and were picked up by the crane 
which carried them to what was probably the first mechanical pig 
breaker. There they were laid down upon a table of rollers which 
fed them up to a hydraulic plunger working up and down which broke 
them into short sections. 

Since that time the introduction of the crane in the cast house has 
become more general and should be universal. It is not only an enor- 
mous saving of labor in handling the iron, as I shall presently show, 



Fig. 213. Interiof of cast house with pile of combs from pig beda, 
one haa^ng from crone. 

but is a convenience of incalculable value in times of breakouts, boils, 
putting in and taking out iron troughs, and assisting in the operation 
generally. 

Since the time of the Duquesne revolution the pig breaker has been 
much more highly developed, and in modern plants where pig beds 
are still used the handhng of the iron is reduced to a mechanical 
operation. 

The Brown Hoisting Machinery Company of Cleveland have 
developed the pig breaker in most common use, and through their 
courtesy I am able to show in Figs. 212, 213, 214, 215 and 216 the 
whole operation of handling the iron. In Fig. 212 there will be seen 
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suspended from the crane an I-beam carrying a number of heavy steel 
hooks. These hooks are lowered down over the bed and two or more 
of them are hooked under the sow and raise it on to blocks as shown in 
Fig. 213, in which position a fresh hold is taken of it with practically 
all the hooks engaged, the whole comb constituting a bed of two or 
three tons weight, may be either taken directly to the breaker in the 
rear or piled up as shown to the left of the breaker at the rear of the 
cast house. This is particularly convenient in case it is desired to 
have the analysis of the whole cast before breaking the iron and deliver- 
ing it into the cars. 

Fig. 213 shows the pig bed hanging from the hooks with its end 
entering the jaws of the breaker. It will be noted that the breaker 



Fig. 214. Side view of pig breaker. 

is set at a high level, and in the center between the two piers on which 
it rests may be seen a chute leading out of the arched doorway at the 
rear. Into this chute the pigs drop as they are broken and slide into 
the car which takes them to their destination. The iron therefore is 
practically never touched by hand in any way until it comes to be 
unloaded at its destination, and while that is no part of our present 
concern, it is not amiss to say that that operation is now very generally 
carried on by huge magnets operated by cranes, so that even there no 
hand labor is required. 

Figs. 214, 215 and 216 show the pig breaker itself. The vertical 
column at the left, (Fig. 214) carries two horizontal plungers, one above 
the other, operated by hydraulic pressure. The column at the right 
acts merely as an anvil. In operation the comb is fed between the 
jaws by the crane; the first plunger is driven out against the top of 
the pig just where it joins the sow, and forces this over firmly against 
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the anvil. The lower plunger is then forced out against the projecting 
bottom end of the pig, which it breaks off across the horizontal ful- 
crum seen about midway of the height of the anvil. This breaks the 
pig in two, the sow being supported by its top edge, with the bottom 
edge unsupported, while the end of the remaining portion of the pig 
is supported on the fulcrum; more pressure is then thrown on the top 
plunger, which is opposite the unsupported bottom edge, and this 
additional pressure breaks the pig loose from the sow, and the sow is 
then broken into suitable lengths by proper manipulation of the position 
of the comb and of the pig breaker itself. 

The hole in the floor just to the right of the operator (in Fig, 214) 
delivers the pig into the top of the chute shown in Fig. 213. There 



Fig. 215. Pig breaker, showing hydraulic cylinder and anvil. 

is one of these on each side of the machine, so that no matter on which 
side the pig falls it reaches the same destination. 

A pig machine has also been brought out by Mr. James B. Ladd of 
Philadelphia, but the principle of this machine, while somewhat differ- 
ent from that of the Brown, is not so radically different as to require 
separate illustration. 

The amount of labor saved by the introduction of this equipment 
is enormous. When it is realized that 500 tons is considered the normal 
output of a standard size furnace in the Lake Ore district, and that 
under the old r^ime this would have required to be broken by hand, 
then carried piece by piece and thrown on to trucks, by them conveyed 
from the cast house to the railroad car, and then thrown from the 
trucks to the railroad car, it will be seen that the labor involved was 
tremendous and of the heaviest and most undesirable kind. Such 
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labor is increasingly difficult to secure, and to handle, and where pig 
iron must continue to be cast in sand, the introduction of methods of 
handling it by machinery is almost a necessity. 

Molding up sand beds. — The beds were formerly molded exclu- 
sively by hand and still are in many cases. The sand is leveled off 
in the cast house floor, there is a pattern for the sow and one for each 
pig, which are set down on the level surface thus prepared, the sand 
shoveled off the bed to level it is thrown back between the pigs and 
tramped to place to pack it, then struck off the top of the pig patterns. 
These, which are made with a considerable taper, are then drawn by 



Fig. 216. Part of pig bed or comb in jaw of pig breaker. 

hand and thrown to the place for the next bed below, followed by the 
sow pattern. 

This probably requires the most labor of any operation of impor- 
tance around the blast-furnace, and no means have been found as yet 
to reduce it to a very great extent, although where there is a crane 
in the cast house the pattern for the whole bed is made up in one 
piece and handled by the crane; this saves a certain amount of 
manual labor, but so small a proportion of the total that the practice 
has in some cases been abandoned for the use of the old single 
patterns. 

Various attempts have been made to reduce this labor but the 
sand has to be cut up with shovels after each cast has been watered 
down, not only in order to set in the pigs, but also because it is too 
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much compacted by the wetting to provide the necessary free vent for 
the gases. This, with the necessity of having the beds nearly level 
but with just enough fall to the sows and the pigs to cause the iron 
to run into them without overrunning the far ends, has made condi- 
tions too difficult to be met by machinery sufficiently simple and robust 
to perform the service in other particulars. 

It seems not improbable now that the increasing use of the casting 
machine will eUminate sand casting entirely before mechanical methods 
are developed for molding the pig beds. 

Handling liquid pig iron. — In the early days of the Bessemer process, 
the first applied to the manufacture of steel on a great scale, it was 
customary to cast the iron at the blast-furnace as described, take it to 
the steel works, melt it down into cupolas and then take it to the 
converters for conversion into steel. This was done so that an oppor- 
tunity might be provided to analyze the iron and to make the mixture 
in the cupola suitable for use in the converters. This practice involved 
an enormous waste in two ways, first the labor of casting the iron into 
pigs as described above, and the handUng of the pigs; second, the 
labor and fuel required for remelting these in the cupola. This was 
accompanied by a very objectionable increase in sulphur from the coke 
used in remelting. 

Many metallm-gists sought to eliminate this double loss by using 
the metal direct, but furnace practice was not as regular and uniform in 
that day as it is now, and there was no certainty that the iron produced 
at a given cast would be suitable for the converters because the last 
cast had been, and if the variation in composition were great the con- 
verter practice was completely upset. 

The mixer. — The late Captain W. R. Jones, of the Edgar Thomp- 
son Works, solved the difficulty by the invention of the "mixer," a 
huge steel vessel lined with firebrick, mounted on trunnions and 
poinded by tipping back and forth with a hydraulic cylinder. The 
first of these had a capacity of 150 or 200 tons of iron, but later ones 
have capacities up 600 and 800 tons. 

All the iron from all the furnaces is poured into this mixer and that 
for all the converters is drawn from it. This provides a "cushion" to 
absorb the fluctuations in the quality of the metal and secures gradual 
variations of the metal deUvered to the converter, which enables the 
converting mill to adapt itself to these changes without difficulty, 
while of course the mere fact of mixing the output of three or four 
furnaces necessarily reduces the average variation at least to one- 
third or one-fourth of that for any individual furnace, and generally 
much more. Thus the mixer exercises two good influences. It greatly 
reduces the absolute size of the variations, and it makes them gradual 
instead of sudden. 
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This improvement permitted the use of direct metal at the steel 
works, and practically all modern plants of combined blast-furnaces 
and steel works operate on this system. Where steel is made by the 
basic open-hearth process as well as by the Bessemer, a separate mixer 
is used for this iron, and the same advantages are secured in that 
practice. 

Hoi metal ladles — The use of "hot metal," as it is universally 
called, for the steel works involved the necessity of having ladle cars 
to transport it from the blast furnace to the mixer and thence to steel 
works. These started out quite small, tcTi or fifteen tons capacity, 



Fig. 217. Pollock hot-metal car. 

but have gradually grown with the increased use of hot metal until 45, 
50 and 60-ton ladles are now considered standard. 

A ladle capable of carrying this amount of molten iron, some times 
for distances of several miles, with entire safety from breakage of the 
apparatus or liability to accidental tipping, and yet capable of being 
easily poured where desired, is an apparatus of no mean proportions. 

Such a ladle built by the William B. Pollock Company is shown by 
Fig. 217. It will be noticed that this ladle is provided with five trun- 
nions, two pairs below and a single one above on each side. It is also 
provided with a spout on each side and with a grip for a hook at the 
bottom immediately under the spout to provide a convenient hold for 
the tilting mechanism. The single trunnions above are used in carry- 
ing the ladle on cranes; the two lower sets are used for pouring from 
the frame of the ladle car itself. The ladle revolves during the early 
part of the tilting movement around the forward one of the bottom 
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pair of trunnions, but if it continued to revolve about this until empty 
its apout would be very low, necessitating a heavy drop for the metal 
poured at first in order to make room for the spout in its low position. 
The purpose of the upper pair of trunnions, with the corresponding jaws 
on the ladle truck shown beneath them, is to prevent this low drop of 
' the ladle spout, and it is obvious that when these upper trunnions 
reach a seat in the corresponding jaws on the truck the ladle revolves 
around them, the lower pair leaving their seats. This obviously throws 
the spout up much higher at the conclusion of the pouring operation. 
By this means the drop from the spout of the ladle is reduced several 
feet over what it formerly was, which is an advantage wherever it is 



Fig. 218. Treadwell hot-metal car. 

used, but particularly in connection with casting machines to be de- 
scribed presently. The receiving end of these with the old style ladle 
had to be placed below the track, but with the style here shown, on 
account of the high position of the spout at the end of the pour, these 
machines can be raised above the track with the result of making them 
much more accessible and less expensive to install. 

A hot metal ladle built by the Treadwell Engineering Company is 
shown by Fig. 218. 

Casting machines. — The increase of furnace outputs during the 
nineties, of which I have spoken, required very large cast houses to 
take care of the iron, and the labor involved in breaking and carrying 
out these huge quantities of iron by hand was, as I have already ex- 
plained, frightful. The entire plant depended upon iron carriers, 
since the furnace could not be operated unless the iron were carried 
out, not any time but within a very limited period, so as to permit the 
beds to be made ready for the next cast. These conditions had the 
result of making this class of labor extremely hard to handle. 
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Conditions in this respect were, in one way, made worse by the 
growing use of hot metal at the steel plants, because it was necessary 
to have the iron carriers for Sundays and for emergencies when the 
steel works could not take the iron, while these men were not needed 
the rest of the time. This condition brought a demand for a mechan- 
ical means of taking care of the iron from the furnace. Casting ma- - 
chines had been in use at a much earUer period for copper, lead, etc., 
on a small scale, and under rather easy conditions, owing to the fact 
that the temperatures of those metals are far below the melting point 
of iron, so that iron molds could be used without great difficulty. 



Fig. 219. Hot-metal ladle in pouring chain, pouring into branching 
trough which fills mokb. 

But the case was quite otherwise with the blast-furnace; the only 
material of construction available was iron or steel, and the iron cast 
into either of these was likely to burn fast to them if they were not 
thoroughly protected, while if the metal were poured into them while 
wet violent explosions would result. 

Various engineers attacked this problem, but the credit for the first 
successful solution belongs to E. A. Uehling, who designed a machine 
consisting of two endless chains in tandem. The first carries molds 
for the pigs into which the iron is cast, it is chilled by passing under a 
heavy spray of water on its course, then discharges at the terminal 
sheave on to the second chain, a conveyor of slats running for some 
distance under water, which cools the iron down to a temperature 
low enough to do no harm, this conveyor in turn discharging on to the 
railroad cars which take the iron to its final destination. 
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Through the courtesy of the Heyl & Paterson Company I am able 
to show drawings, and an excellent set of photographs, of one of the 
lai^est installments of these machines ever built. Fig. 219 shows the 
ladle in a tipping chair which is elevated by the jib crane shown at 



Fig. 220. Firat or casting chain of group of Uchling machines. 

the right and pours into a trough at right angles to the track, which 
branches both ways at its far end, each branch pouring on to a sep- 
arate strand of the pig machine. 

Fig. 220 shows a general view of the ascending chain of the machine 
with the returning buckets on the under side. 



Fig. 221. Group of Uchling type macluncs. 

Fig. 221 shows clearly a general view of the machines, the head 
houses where the casting chains discharge on to the cooling conveyors, 
the terminal houses from which the latter discharge into the cars, and 
the excellent ladder arrangement of tracks for serving the machines 
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without the necessity of switching the cars under all of them to reach 
any desired car. 

A view of the cooling conveyors with their water trough and the 
return side of the chain below is shown in Fig. 222. 

The difficulty of having the metal bum on to the molds is obviated 
by having a jet of lime water from a tank underneath the return chain 
thoroughly sprayed up into the buckets as they pass over it on their 
return trip. The heat remaining in the mold causes the Ume water 
to dry on it in a heavy white film, which of course is extremely refrac- 
tory and prevents the contact of metal to metal, without which burn- 
ing fast does not occur. 

Another type of machine was brought out about the same time in 
which the functions of both chains are merged into one. This was the 



Fig, 222. Coaling conveyors for Uehling type of mftchine. 
Water troughs empty. 

design of the Heyl & Paterson Company, who now build both the 
Uehling type of apparatus and their own. 

In this apparatus one chain performs both functions. The metal 
is east into it at one end, it then passes down a sUght grade into a 
long tank standing full of water where the iron is thoroughly cooled, 
rises out of this tank at a sharp elevation and is discharged over the 
end sheaves directly into railroad cars. 

A photograph of an installation of this type is shown at Fig. 223, 
also by the courtesy of the Heyl & Paterson Company. Unfortu- 
nately the machine was empty at the time the picture was taken, 
but the molds show so clearly, that their action is perfectly obvious, 
so is the way in which they pass under the water and out again and 
the overflow for keeping the water at the proper level. A photograph 
of the same apparatus before the water was turned into the tank is 
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shown in Fig. 224. The molds used in this conveyor are of steel, 
formed in the hydraulic press out of a piece of plate. They are sub- 
jected to terri&c strains with the hot metal on one side of them and the 
cold water on the other, and after a certain amount of this service they 
lose their shape but can be repressed and restored to useful condition 
several times liefore they break from this treatment. 

In some cases cast-iron molds are used instead of steel. These of 
course fail by cracking and not by bending and are not capable of any 



Fig 223. Heyl & Patcrson type of casting machioe, steel mold, 
single chain, trough filled with water. 

further use after such failure. On the other hand they can be melted 
up and recast direct from the furnace in the floor of the cast house with 
very small expense, whereas when the steel molds once fail the loss is 
greater. 

Both styles of molds have their advocates and both continue to be 
used after a numl>er of years experience so that the question of whether 
it pays better to use one kind or the other is probably very largely a 
local question. 

The merchant blast-furnace isolated from steel works will probably 
prefer the cast-iron molds which it can produce from its own metal with 
a small amount of labor, while the steel works making steel plate and 
having available machinery for pressing the molds may find it cheaper 
to use the steel. 

The introduction of casting machines of one type or the other has 
become practically universal at blast furnaces directly connected with 
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steel works, and even at many merchant furnaces. The huge cast 
house was one of the prominent features of the blast-furnace of former 
times, it has disappeared at modern plants and nothing is left of it 
except a building large enough to cover the troughs in which the iron 
is run to the spouts above the ladles and to serve as a protection against 
the weather around the base of the furnace itself. 



Fig. 224. Hcyl & Paterson type of casting mochiae, Bteel mold, single chain. 

Iron trough and sldmmer.^ — ^A violent explosion is caused by molten 
iron running on to even the smallest wet spot on anything made of 
iron, but it cannot bore into the iron as it does into the sand in case 
of a boil, so that the explosion, while violent and dangerous to the 
men, is limited to a single shot and the iron cannot work down to any 
depth as it can in the sand. A bad boil in sand at the tap-hole would 
prevent its being shut and would put the furnace out of conmiission 
for an almost indefinite time, constituting a catastrophe. For tliis 
reason a few feet of iron runner or trough has been used next to the 
tap-bole for many years. This is thoroughly grouted and carefully 
dried because the grout prevents the iron from burning to the trough 
which it would do if the latter were bare, while careful drying elimi- 
nates the danger of explosion. 

Up to within a few j-ears the runners from this point on were 
entirely of sand and the necessary arrangements for skimming the 
cinder from the iron were also built up of sand. The cinder has a 
specific gravity only about one-fourth to one-third that of the iron, 
and while the two come out of the tapping hole together during the 
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latter part of the cast, the cinder immediately rises to the surface and 
can be skimmed off without difficulty. To accomplish this the portion 
of the runner next to the iron trough is made very large relative to 
the portion below this section, and a dam of sand some six to twelve or 
more inches high is put into the bottom of it four to eight feet from 
the end of the iron trough; just above or in front of this dam is set a 
skimmer, formerly a thick plate of iron cast in open sand in the floor 
of the cast house, and guided by two pairs of pins driven into the 
sand of the runner on each side of it. When the cinder begins to show 
on the iron this skimmer is driven down with a hammer until its edge 
projects below the surface of the metal sufficiently to prevent the 
head of cinder floating on the iron from pushing under it, the cinder 
then rises and flows over a lateral dam, a low place in the side of the 
sand trough, and is led from there to its point of ultimate disposition. 

With large and rapid streams of iron which were the consequence of 
the growing outputs of the nineties, this operation became more diffi- 
cult and less certain. Either cinder was allowed to get down on to the 
iron, which created a fearful nuisance, as the cinder broke off when 
cold and fouled the pig beds, or the iron itself would be forced out 
over the cinder dam and wasted. Moreover there was left in the basin 
formed by the iron and cinder dams at the end of the cast a con- 
siderable volume of iron with a heavy layer of cinder on top of it. To 
direct this iron to its proper place and keep the cinder from following it 
was by no means an easy matter, and much iron was likely to be lost 
in the cinder without the most careful practice. 

In order to overcome these difficulties Mr. Michael Killeen at the 
Edgar Thompson Works devised the Killeen skimmer. This consists 
of an additional section of iron trough linked to the section next the 
furnace. It has cast with it the cinder and iron dams, a slot in which 
to set the skimmer (preferably made of firebrick in an iron frame to 
prevent its cutting away during the cast, as the old iron skimmers did), 
and a supplementary lateral outlet extending clear to the bottom of 
the trough and closed by an iron gate with a staple in the top. Before 
cast this gate is set to place and the joint between it and the body of 
the skimmer trough well protected with sand and grout. With this 
arrangement the skimmer can project far enough below the surface of 
the iron to prevent the possibility of cinder getting down the iron 
runner, while at the same time the cinder dam can be raised so high 
as to prevent the iron from rising over it and running to waste. The 
considerable volume of iron remaining in the trough at the end of the 
cast is released by withdrawing the supplementary lateral gate and 
allowing the iron to run into a special runner which takes it either into 
a ladle or to a special bed set below the level of the other beds as may 
be preferred. The cinder is prevented from following it by a hand 
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gate dropped when the iron is all discharged and before much of the 
cinder can follow. This not only prevents the iron from being wasted 
and the cinder from getting down the iron runner, but also drains the 
iron trough effectively to the bottom so that easy access is thereby 
afforded 'to the tapping hole in order to stop it. 

Other forms of skimmers have since been brought out, but are 
only variations of the general principle of the Killeen design. 

Following the introduction of the iron skimming trough, iron runners 
were substituted for the sand runner all over the cast house. These 
are provided with grooves into which gates are set to cut off the flow of 
the metal, and are grouted after each cast with a mixture of sand and 
clay kept hot by a steam coil, the gate grooves being filled up flush 
with this mixture. With good practice only a very light skull of iron is left 
in these iron runners when the cast is over, and the runner requires 
only a new coating of sand and grout to make it ready for use again. 

On account of its smoothness and uniformly sloping bottom the 
iron runner drains itself better than the sand runner, thus preventing 
the formation of any but light scrap; moreover, with the iron runner 
it is possible to raise a gate which has once been set and allow iron to 
flow again down a section of trough from which it had been cut off, 
which it is never safe to do with sand runners because the withdrawal 
of the gate from the sand is extremely likely to cause a boil. These 
advantages have resulted in the universal introduction of iron runners 
where the iron is run direct to the ladles and not cast in sand beds. 

DISPOSING OF THE SLAG 

In the early days of the blast-furnace the slag was handled as 
clinker or ashes, and this method of procedure survived until very 
recent times in the . crane-operated shovel, fork, etc., which I have 
described in a previous chapter as adjuncts to charcoal furnaces in 
the seventies and which were used to clean out and "work down" 
the furnace very much as we find it necessray to do with the average 
domestic "heater" to-day. The difficulties of this method of opera- 
tion, a growing knowledge of the use of flux, and the use of the hot 
blast with its correspondingly higher hearth temperatures, brought the 
possibility of discharging the slag in the liquid condition and this 
practice became general, though not universal, in the early part of the 
last half of the nineteenth century. 

The slag was at first tapped out of the furnace with the iron, and 
after being skimmed off as previously described, was run off to a short 
distance into puddles in which it was allowed to cool. Slag being very 
brittle when cold is easily broken up by hand and was disposed of with 
carts or any convenient means, being simply loaded from the ground 
into the conveyance with shovels or forks. Carts dmnped it into 
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holes or low places, and enough of these were commonly found near 
the plant to take care of the slag output of those days for many years. 
Survivals of this method are in use even down to the present time, 
though they have now become rather rare. 

When mineral coal was substituted for charcoal as fuel, the 
quantity of slag produced per ton of iron increased to some extent, 
but probably not in the ratio which the volume of charcoal slag bears 
to the volume of coke slag to-day, because in the early days of mineral 
fuel much leaner slags were used, it being impossible to carry as much 
lime as we can use with the high blast heats obtainable to-day. Never- 
theless the increase in slag volume was very considerable and helped to 
bring about a change in the method of handling slag. The introduction 
of mineral fuel led also to larger outputs per day and this in conjunc- 
tion with the considerably larger production of slag per ton made the 
slag per day to be handled with mineral fuel a much more important 
factor than it was with charcoal, so that the importance of slag disposal 
grew even more rapidly than the question of handling the pig iron out- 
put, and a vast number of methods have been devised and practiced in 
trying to handle it with maximum economy. 

A comprehensive search would be required to obtain a reasonably 
complete Ust of the methods which have been used on an industrial 
scale in the past, but as only a few of them have survived this is not 
needed, a description of a few of the most conmionly used will suffice. 

The first important development was the choice of a definite dump- 
ing place, chosen with the idea of affording room for slag disposal 
within a limited area for a long term of years and the provision of 
railroad transportation for deUvering the slag to it. 

Probably the earliest improvement was to run the cinder into long 
parallel runners rouglily made up in coke breeze so that the size of 
the Individual bodies of cinder is limited, because while this material 
is very brittle as compared with iron, the difficulty of breaking it up 
grows very greatly with the size of the body into which it is cast since, 
if it is cast into puddles of several feet across and a foot or two thick, it 
cools very slowly, and this slow cooUng anneals and greatly toughens it. 

When cast in long runners of approximately semi-circular shape, a 
foot across and six inches thick, it was handled with hooks, one in the 
hands of each of a pair of men, who broke the runner of cinder up into 
pieces three or four feet long, and swung these on to a pile by catching 
them with a hook near each end. The sections of runner were piled 
roughly together and allowed to cool still further, after which they were 
loaded on to cars and taken away. This cleared the beds for the next 
fall of cinder. 

In other cases quite large holes, approximately round, were dug 
into the groimd, the cinder allowed to run into these, and a bar or 



348 BLAST-FURNACE CONSTRUCTION 

hook of iron stuck into the center while it was still hot. After the 
cinder had hardened it was picked up by this hook, with the aid of a 
crane, and loaded for disposal. At the dump the cake was broken up 
and the hook or bar of iron recovered to be used again. 

In other cases the cinder was cast into cakes on cars made entirely 
of iron, which had a perfectly flat top, so hinged to the body of the 
car that it could be tipped laterally in either direction. On top of 
these were set cast-iron frames, the section of a truncated pyramid 
with the aides sloping inward at the top, without top or bottom. A 
joint Ijctween these and the deck of the car was made with breeze 
or fine cinder, and they were run full of cinder direct from the cinder 
trough at the furnace. After cooUng, the iron frames or molds were 




Fig. 225. General arrangement of Uehling casting machine. 

lifted off with a crane, the train of cars taken to the cinder dump 
and the decks tipped, allowing the cakes to slide off over the dump. In 
this case of course, as with practically all dumps, the tracks must be 
moved either laterally or built ahead as the dumping space is used up. 
About thirty years ago the practice of handling the slag in the 
Uquid condition t)egan to receive quite general recognition, and has 
developed continuously and rapidly from that time. The first liquid 
cinder cars were simply huge rectangular tanks of steel t)late, lined 
with firebrick, mounted on tnicks, with a spout on each side closed by 
a hinged gate. The gate was closed, a little cold cinder thrown against 
it, and the tank was then filled with liquid cinder and hauled away. 
At the dump the gate was swung aside and the cinder chilled over the 
opening broken through, the contents of the car then ran out. But 
this method was open to serious objection because even when very 
quickly handled, slag forms quite a heavy skull under such conditions, 
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and this skull fastening itself to the brickwork grows with each succes- 
sive filling and emptying of the car until the capacity is so diminished 
that it must be cleaned out by hand, a laborious and time-consuming 



Fig. 226. Pollock cinder ladle. 

operation. If the car were allowed to stand until the cinder froze 
on top it made matters still worse bb this additional skull also had 
eventually to be handled by hand. 

To eliminate these difficulties cars which dumped their contents by 
tipping bodily over were developed. These also were at first made of 



Fig. 227. Trcadwell cinder ladle. 

steel plate lined with firebrick, but even when emptied by tipping over 
they skulled up quite rapidly, and it was finally found that cast-iron 
pots could be successfully used, and that being smooth inside, the 
skull freed itself from them very much more readily than from the 
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brick. These at first were made of the same shape as the steel plate 
ones had been, with almost straight sides and flat bottom, which gives 
maximum capacity, but it was found that by increasing the taper of the 
sides the pots could be made not only to dump cleaner, but in the 
dumping position to throw out the skull without barring or hand clean- 
ing. Consequently such pots are now imiversally made with a heavy 
taper and are almost cones, having only a small rounded bottom. The 
design of the William B. Pollock Company is shown by Fig. 226 and 
that of the Treadwell Engineering Company by Fig. 227. 

Miich ingenuity has been expended in devising the best mechanism 
for controlling the movement of these pots and dumping them with the 
least labor. After they had been in use for some years with the 
dumping gears driven entirely by hand, Mr. Samuel Stewart, then 
master mechanic of the Woodward Iron Company at Birmingham, 
Ala., patented a successful design in which a steam cylinder mounted 
on the car and connected to the locomotive supplied the power for 
dumping and restoring the pots to their normal position without any 
labor and in much less time than was required for the hand-operated 
pots. This idea has now been applied universally to these pots, but 
with the very general equipment of locomotives with compressed air 
for brakes, air is used to operate the cylinders instead of steam. With 
this device a whole train of these cars can be tipped, emptied, the skulls 
thrown out, and the cars restored to normal position, in a period meas- 
ured only by seconds. 

By the use of these side-dump pots the dump may be built up 
approximately to track level on the dimiping side so that the tracks 
can be moved over with but little labor, when the drop from the cars 
is no longer sufficient to free them properly, but cars of this type do 
not permit dumps to be carried ahead except by the laborious 
method of building up the dump at the end of the track by hand 
filling. 

In order to make room as fast as it is used up, it is generally very 
desirable to build a track ahead, and for this purpose other types of 
cars have been devised. The earUest of these was the design of the 
late John M. Hartman. It consists of a half cylinder of steel plate 
lined with firebrick, with an extension around the top of cast-iron 
plates, one side of the cylinder being flared out to make a pouring lip 
and the other side extended up vertically. This half cylinder rests on a 
four-wheeled truck, to which it is fastened by two pairs of chains, one 
with the front end fastened to the cylinder and the back end to the 
truck, the other with the back end fastened to the cylinder and the 
front end to the truck, one pair of these being on each side. These 
act practically like a rack and pinion and leave the cylinder free to 
roll on the truck without the possibility of being displaced endwise 
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by sliding; it is guided laterally by half rings of angles riveted to the 
cylindrical surface, which work between guides on the truck. 

These cars are not coupled to the locomotive directly, but by means 
of a push pole sixteen to twenty feet long. After filling at the furnace 
these cars are taken to the end of the dump, the truck locked fast on 
the track with a powerful brake, or "scotched," the locking mechanism 
of the body released and the half cylinder pushed over by the loco- 
motive operating through the push pole, which is fastened to the car 
with a swivel coupUng. 

The disadvantage of end-dump cars is of course that only one can 
be dumped at a trip, and if several have to be handled as many tracks 
must be provided as there are cars, or nearly so, because the heat at 
the end of the dump after dumping the car is too great to permit 
dumping another immediately, and of course a separate switching oper- 
ation is required for each car dumped, in fact two of them when more 
than one ladle car is used, one switch to dump the car and set it out, 
another to pick it up and take it back. 

It is a curious fact that these cars build a dump which is almost 
precipitous in its slope, both on its sides and on the front. A "fiir' 
can be constructed from them with great economy of material because 
its sides are almost vertical. 

On the other hand, the side-dump cars produce very flat slopes. As 
little as ten or fifteen degrees sufiices to carry the slag away from the 
track with this type of car. 

Another type of end-dump car with a round "thimble" like that of 
the side-dump car is made by the Treadwell Engineering Company and 
works with a similar mechanism, but fore and aft instead of laterally. 
It is of course a more difficult design because the truck is in the way 
of a free end-dmnp, but this difficulty has been successfully over- 
come. 

Laying (nU the slag dump. — How a slag dump is to be handled 
is very largely a matter of local conditions, but I have always felt 
that the benefits of the end-dump car for building ahead were not 
properly appreciated, and that the ideal combination would be two or 
three, or even four or five side-dump pots with an end-dump pot on 
the front. With this arrangement all could be dumped simultaneously 
without switching, and the end-dump pot would build ahead about as 
fast as the side-dump pots used up the track room it provided. 

The "hot pot" method of handling slag is economical for a large 
plant of furnaces, and where dumping room is available within a 
reasonable distance; but in congested districts where the only avail- 
able land between high bluffs and a river is a narrow strip of bottom, 
every inch of which is necessary for plant and railroad tracks, it is 
not always easy to find a place in which to dispose of the slag without 
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& long chance that one will later on be exceedingly sorry for having put 
it there. Of course if a river or harbor can be filled to the harbor 
line this makes an ideal condition, but one which will not laet indefi- 
nitely. Moreover, this method of handhng slag requires a locomotive 
and crew in absolutely constant attendance day and night, Sundays 
and holidays. If the cinder cars get off the track, which not infre- 
quently happens on the rough tracks on the dump, and the cinder 
train is blocked, the furnace may be put to desperate straits before 
the situation is relieved by the return of the cinder cars. The expense 
of the locomotive and crew is just as great for a single furnace as it is 



Fig. 228. Brown hoist crane loading cinder from pit on to railroad cant. 

for three or four, and the cost of slag disposal per ton of iron produced 
is therefore very much heavier by this method in small plants than in 
large ones. 

Slag ffranvlation. — These difficulties have prevented the universal 
adoption of this means of slag disposal, and have caused the develop- 
ment of others, of which by far the most important is "granulation." 
This was first practiced in this country, so far as known to me, by 
Captain T. C. Jones, at a small blast-furnace near Lynchburg, Va., 
and was subsequently applied by him, and is still continued in use, 
at a furnace at Iron Gate, Va., where the slag is flushed directly into 
the James River and carried away by the current of that stream. , 

The method consists in running the cinder out through a trough 
with a projecting end, just beneath which is placed a flat jet or nozzle 
about the same width as the trough. When the cinder starts to run 



HANDLING THE IRON AND CINDER 353 

a powerful current of water is turned into this nozzle, and the cinder 
running from the end of the trough falls onto this jet whose velocity 
is sufficient to tear it into small shot as it runs, and these, of course, 
are prevented from recementing by the chilling action of the water. 

Most plants which use this method of slag disposal are not so located 
that they can flush the cinder directly into a river, and these have 
installed huge concrete-lined pits or tanks, sunk in the ground, into 
which the cinder and water from the jet fall together, and from which 
the cinder is recovered, generally by means of a clam-shell bucket,, and 
loaded on to cars. It is cold by that time so that there is no danger 



Fig. 229. Brown hoist traveling crane and grab bucket (or handliiig cinder. 

of fire; the cinder is between coarse sand and fine gravel in size, gen- 
erally rounded, and a very easy material to handle. It of course may 
be carried any distance desired to make fills on railroads or the like, 
since the time element does not enter into its disposal as it does when 
handled molten, and it can be bandied virtually without expense in 
outward bound empty cars, and has in the past been very generally 
bandied in this way by the railroads, without charge, on account of 
its value to them as a filling material. 

The clam-shell bucket for recovering the cinder from the pit is 
operated in various ways, either by an overhead crane, a crane trolley 
without lateral movement, or by a locomotive crane nmning on a 
standard or broad-gauge track. An arrangement of the latter kind 
may be seen in Fig. 228, which shows a Brown Hoisting Machinery 
Company crane engaged in this service. The pit cannot be seen, but 
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its position can be judged from the ropes running from the end of the 
boom down to the clam shell which is out of sight in the pit, also by 
the steam rising from it. The granulated cinder is raised out of this 
pit and swung over into the hopper care, steam from which is seen 
rising on the right-hand side of the picture. 

Fig. 229 is a view of the same plant and crane from a different 
position. The pit may be distinguished by the steam rising from it at 



Fig. 230. Browning grab bucket rising out of pit, water drainiog off. 

the extreme left of the picture, while the white granulated slag in the 
car showing just under the crane boom is plainly visible. 

Fig. 230 shows a clam shell operated from a trolley on an overhead 
runway, installed by Victor R. Browning & Company of Cleveland. 
The clam shell just at the top of the pit may be clearly seen with the 
water contained in the slag running from it. The clam shell open, 
dropping into the pit, is more plainly shown by Fig. 231, In this the 
perforations in the bucket for allowing the water to run off are plainly 
visible. The clam shell in its open position with the cars of loaded 
slag under the runway, are clearly shown by Fig. 232. 

A different design but with the same general arrangement by the 
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same company is shown by Fig. 233, The trolley for handling the 
bucket with its mechanisni and the operator's cage are shown by Fig. 
234. 

This method of handUng slag has the great advantage that it gives 
several hours leeway, since slag can be stored in the pit without requir- 
ing to be removed for a considerable period, so that breakdowns of the 



Fig. 231. Browiiii« grab bucket open over pit. 

slag handling apparatus may occur without necessitating the shutting 
down of the furnace. 

By providing a pit a little larger than common it would be very 
easy to store the slag for twelve hours or more, and so eliminate the 
operation of the slag trolley on one shift. Where the railroads take the 
slag, and the shifting engine is available for handling empty and loaded 
cars, this method is more economical for a single or even for a two- 
furnace plant than the liquid cinder method because it can be run by a 
single operator, whereas the other requires a locomotive and crew for 
two shifts as before stated. 
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Casting the cinder and handling it cold. — In recent years, since 
the very general introduction of concrete, it has been realized that slag 
allowed to cool slowly made one of the best E^gregates that could be 
found, much better than limestone, because being of igneous origin it 
does not break up under the action of heat, as Umestone has been 
known to do in case of fire. Cinder is exceedingly rough and therefore 



Fig, 232. Browning grab bucket open over pit. 

furnishes an excellent bond for the cement, and in general cinder con- 
crete is very highly esteemed by those who have used it. 

Cinder is often recovered for concreting and road filhng purposes 
by blasting the dumps made by ladle cars and loading them up with 
a steam shovel, but the cinder has generally run out in thin sheets 
■which do not weld together, so that the mass when it is reloaded 
breaks up into quite small pieces. Moreover, this process requires 
the double operation of removing the cinder in pots and then picking 
it up with the steam shovel. 

Mr. D. T. Croxton, of the Cleveland Furnace Company, some years 
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Fig. 233. Browning craneway with trolley and gr^ bucket. 



Pig. 234. Browning man-trolley and grab bucket. 
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ago, initiated the plan of casting the cinder directly from furnace in 
the old-fashioned way, but handling it by mechanical means after it 
was cold, crushing, screening and selling it for concrete material. 

After a course of development for several years in which, he in- 
stalled a considerable quantity of special machinery, he finally came 
to the simple practice of bedding heavy chains into the cinder bed 
before casting the cinder on to it, these chains being covered up so as 
to prevent the slag from burning them. The slag bed is served by an 
overhead crane which, after the slag is cold, takes hold of the ends of the 
chains at the sides of the bed and pulls them up through it. These 
chains are spaced a few feet apart and this breaks the slag bed into a 
material which can readily be picked up by a modern clam-shell 
bucket and loaded into cars for delivery to the crushing and screening 
plant. 

This system without the mechanical equipment for handling the 
slag has been in use at other places where the slag has a commercial 
value as filling or building material. 

One considerable advantage of handling the slag in this way is that 
a magnetic separator can be introduced into the path of the crushed 
slag and used to recover from it a considerable quantity of iron in 
pieces from the size of a pinhead up to several pounds weight. This 
is true even with good furnace practice and where no important quan- 
tity of iron is visible to the eye, since the iron is so much heavier 
than the cinder that it goes to the bottom and is covered over by 
the latter. 

It has been the experience of almost everyone who made any 
attempt to recover iron from the slag to find more than was expected 
when the attempt was begun. I had once the pleasant experience of 
putting in a magnetic separator in the hope of recovering four or five 
tons a month from a charcoal furnace, and actually recovered fifteen 
to twenty-five. 

Many other methods of handling cinder have doubtless been used 
and perhaps a considerable number of these are still in operation, but 
the ones here described cover all the important methods in use on a 
large industrial scale. 



CHAPTER IX 
AUXILIARIES AND GENERAL ARRANGEMENT OF PLANTS 

In addition to the apparatus previously described which is required 
for each furnace there must be a considerable amount of other equip- 
ment for the plant as a whole. 

It goes without saying that the enormous tonnages involved at 
modern blast-furnaces can only be handled by first-class railroad track 
and equipment, both of cars and locomotives, and in suiEcient numbers, 
and that at practically all plants of any size cranes are extensively used 
for handling heavy parts, cleaning up "messes," and doing innumer- 
able kinds of work that were formerly done by hard manual labor. 
Very frequently they are arranged to operate grab buckets and magnets, 
as well as serving for general utiUty cranes. These are all standard 
equipment and do not need to be specially described here. 

The water-supply system. — The water-supply system is one abso- 
lutely indispensable portion of the equipment which, to judge by the 
location and the design of some plants, was forgotten at the time of 
their construction and then put in as an afterthought. 

The modern furnace' depends upon water-cooling for its very 
existence, not from minute, to minute, but Uterally from second to 
second, since the tuyferes, coolers and cooling plates are exposed to the 
most intense heat and the severest conditions of scouring by iron and 
slag, not occasionally, but in many cases continuously, and only a 
thin surface of the highest possible conductivity cooled by a violent 
circulation of moderately cool water prevents their instant destruction. 

For this purpose water in considerable quantity must be provided. 
Its quantity varies very greatly with the size of the furnace and the 
method of cooling adopted. Cooling plates require more than bosh 
jackets, and, of course, when cooUng plates are used above the mantle 
they add their quota to the total requirements, since a certain mini- 
mum velocity must be maintained for each plate, the minimum depend- 
ing upon the temperature to which the plate is exposed. For an 
ordinary 500-ton furnace from 1200 to 2000 gallons of water per 
minute are required for cooling the tuyferes, hearth and bosh. 

In addition to this the water necessary for boiler feed, and very 
generally for condensers, must be supplied, and in modern practice 
great quantities are being used for gas washing also. This amounts 
to about 4 gals, for primary cleaning for every 100 cu. ft. of gas or 
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about 2000 gals, per minute if all the gas is washed. It should be 
noted that the furnace cooling water can be and generally is used 
over for either condenser or gas cleaning. The consequence is that 
each blast furnace requires a very respectable volume of water, from 
3,500,000 to 6,000,000 gallons per day, and a plant of several blast- 
furnaces needs a supply which makes that of many large cities look 
small in comparison. 

Plants have too often been designed with little or no consideration 
for their location in regard to water supply. There are perhaps more 
important considerations, such as the arrangement of tracks, etc. — 
but in a number of cases that have fallen within my own experience 
a location close to the water supply would have been not only as good 
but better in other respects than the location actually chosen, at some 
distance from it, with the necessity of long lines of communication and 
long-distance supervision of the pumping plant, for, of course, in modern 
practice long suction pipes are rightly not tolerated, and the pumping 
plant must be close to the water supply and within a moderate dis- 
tance above the water level. Moreover, the pumping plant must be 
able to run and supply water to the furnace irrespective of fluctuations 
in the height of the supply. These conditions are easy to fulfil if 
the plant be on the border of a lake or a stream whose level does not 
greatly fluctuate, but very difficult to meet in some cases where the 
source of the water supply is a stream with a rise and fall of many 
feet, such, for instance, as have the Monongahela and Ohio rivers in the 
Pittsburgh district. 

The design of the pumping station must be based on the local con- 
ditions and on the size of the plant. Where a very large plant is 
needed on the banks of such a river it is often desirable, if not neces- 
sary, to sink a huge caisson down below low water level from a point 
high enough above the river level to be out of danger of floods, and 
run a tunnel of brick or concrete from this out into the river itself. 
This, of course, requires a cofferdam of some extent for the construc- 
tion of the tunnel. 

The pumps are located at the bottom of the caisson or pit and the 
flow of water into it is controlled by valves at the inner end of the 
tunnel so that no matter how high the river may rise the pumps cannot 
be drowned out. 

The screening of the water is done in the pit, no attempt being made 
to erect screens over the mouth of the tunnel since they would be in- 
accessible in times of flood. 

In other cases a masonry forebay is built at the bank of the river 
extending well down below water level, its front being entirely open to 
the river except that it is guarded by screens. These may either be 
fixed or arranged to be removed for cleaning. The latter, of course, 
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can only be done by having two separate chambers both of which can 
be entirely cut off alternately, or by having two sets of screens, one in 
front of the other so that each one alternately can be raised for clean- 
ing. The possible variations of these methods are of course almost 
infinite, and the choice of the best one is of great importance because 
the water supply of furnaces is more apt to be interrupted by floods 
than by any other kind of accident whatever. The likelihood of 
dangerously low water can be foreseen, and the necessary arrangements 
for an additional supply made in ample time, but when a flood arises, 
especially in a mountainous country, two or three hours may see a 
change from placid operation to one of absolute disorganization on 
account of water supply. This is for the reason that when these violent 
floods occur the water picks up vast quantities of silt, leaves, and sticks, 
so that its consistency is almost like soup, in extreme cases, and this 
combination can stop up a screen in a short time almost as effectively 
as could a plasterer, while owing to the location of the screens it is 
not always possible to clean sufficient of their area to let through the 
water necessary to the life of the plant. 

Several years ago, having occasion to provide a water supply for a 
small furnace near but not on the bank of a mountain river, subject 
to rises of some twenty or twenty-five feet, I installed a plant designed 
to meet these conditions which has been very successful in operation, 
and of which the principle may be useful to others. This plant was 
described in the April 18, 1914, issue of the Engineering and Mining 
Journal^ from which the illustration Fig, 235 is taken. 

A forebay of brickwork was built with its base about two feet 
below the lowest water level, very much as in ordinary construction, 
but instead of screening this with a straight stationary screen a circular 
revolving screen was used, which was supported on trunnions built 
into the masonry. The outlets for the screened water were through the 
ends of the screen wheel and the side walls of the forebay into the pump 
pits on each side of it, these suction pits being covered over with iron 
plates laid in cement so as to be water-tight even when submerged. 
The screen wheel fitted snugly between the walls of the forebay and 
was perfectly open in front. At the bottom it passed with bare clear- 
ance over a wide sill of concrete running clear across the forebay. At 
the top it was covered over with a curved plate which fitted down over 
the top segment of the wheel with small but sufficient clearance. The 
arms of the wheel were solid plates running from side to side the full 
width of the wheel, reinforced by angles riveted to the hub as shown 
in the drawing. The sill and the curved cover plate at the top were a 
little wider than the space between two adjacent arms. 

The wheel proper was made up of welded rings an inch and a 
half by a quarter, bent edgewise, with half inch spaces between them. 
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A stout angle acrose the front of the forebay carried cleaners which 
worked in the spaces between each pair of rings. 

Supposing the pumps to be at work, and the water level somewhere 
about the center of the wheel, if the lower section of the screen through 




Fig. 235. Self-cleaning screen for pump 



which the water is passing becomes obstructed by leaves, the pumps 
continuing to run, the level of the water inside the wheel is soon low- 
ered well below that of the water outside, and this difference in level 
then works upon the arms of the wheel which thus virtually becomes an 
undershot water wheel and rotates the obatruc?ted section downward, 
thus bringing a new clean section into play. When this becomes 
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obstructed in turn the same action takes place and when the first 
section obstructed finally comes around to the cleaners, the leaves, etc., 
are thrown off by them and the wheel restored to a clean condition. 

It will be noticed that centrifugal pumps with vertical shafts are 
used with their driving mechanism set on a platform many feet above 
the water level. The driving mechanism in this particular case was by 
wire rope and bevel gears, there being clutches to throw in or out 
either pump as desired. Now it would probably be preferable to use a 
vertical-shaft motor directly connected to the vertical pump shaft. 
A great advantage of the centrifugal pumps is that they have no 
valves to become obstructed, and can run submerged for an almost in- 
definite period. They are located about two feet above normal water 
level so as to make them easy of access for repairs, etc., under all 
ordinary conditions. 

This plant has gone through several floods in which the screen 
wheel, pumps, and all were submerged for several feet, and has never 
failed, as far as I know, under those conditions. 

A hand turning gear was provided to rotate the screen by hand if 
for any cause it should fail to work automatically, and of course it 
would be a very simple matter to arrange by a geared ratchet or some 
other mechanism to drive the screen wheel positively and continuously, 
which might be desirable in some cases. 

This wheel was designed for a capacity of about one thousand 
gallons per minute, for which it was more than ample, and a plant of 
this kind with a capacity of many thousand gallons per minute could 
be built at a comparatively small expense. There is no patent on this 
design and anyone is at liberty to use it who wishes to do so. 

Pumping machinery. — Many different types of pumping machinery 
are used. For small plants and where steam economy is not important, 
and where the pump installation can receive attendance from the engine 
room force, direct-acting steam pumps have often been used in the 
past, in fact, until quite recent years no other type of pumping appa^ 
ratus was available, except in the largest sizes. As a result different 
pumps were added from time to time and the number and variety of 
pumps to be found in the pumping station of some large blast-furnace 
plants was remarkable. 

The direct-acting steam pump is moderately reliable, but not 
sufficiently so to run without attendance since the pumps may "stick 
on center," a valve may become blocked open, and various other 
contingencies may arise which necessitate inspection at frequent inter- 
vals. This type of pump is also extremely uneconomical. In the 
smaller sizes their steam consumption is probably always in excess of 
one hundred pounds of steam per horse-power hour. In the larger 
sizes where compounding and triple expansion are used, and where 
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more refinements can be included in the design, their steam consunip- 
tion drops to the half of this and often to the quarter, the latter figure 
being extremely rare except with what may be called pumping engines 
rather than steam pumps. In all the ordinary sizes the steam con- 
sumption is probably never less than fifty to one hundred pounds per 
horse-power hour. 

For larger plants the vertical plunger pump with plungers directly 
connected to the cross-heads of a triple expansion engine, of the crank 
and fly-wheel type, with their cranks at one hundred and twenty de- 
grees, are probably as economical as any type of pumping engine driven 
by steam machinery. They have the great advantage that being 
vertical, the water cyUnders can be placed near the normal water level, 
while the steam cylinders and driving mechanism are high enough 
to be out of reach of any possible flood, and in case of a flood the pump 
cylinders may be submerged and continue to run indefinitely in that 
condition. These, of course, are necessarily large units and their 
speed of revolution is limited by the ability of the water to make its 
way through the valves and follow the plungers which, on account of 
the inertia of the water, is at a very slow rate. These pumps, there- 
fore, seldom run at more than thirty revolutions, which makes their 
cost very high in proportion to their output. 

In the last ten or twelve years the centrifugal pump with multiple 
stages has been developed to a high state of efficiency, and instead of 
being limited to thirty or forty feet lift, as was the old single-stage 
centrifugal pump some twenty years ago, these pumps are now de- 
signed for lifts up to many hundred feet. Their efficiencies with good 
designs range from seventy per cent, up to eighty in exceptional cases, 
and while this is considerably lower than the efficiency of a good 
plunger pump it is maintained through a long period of years. 

Questions of leakage scarcely affect these pumps which operate 
solely by the velocity which their impellers impart to the water, 
and they are entirely valveless so that under any ordinary circum- 
stances they can run without interruption for very long periods of 
time. 

One word of caution may not be amiss here. The old centrifugal 
pumps were designed so that they would pass anything up to the size 
of cabbages, but the modern multiple stage pumps have what may be 
called a closed impeller with the outlets at its periphery rather narrow, 
so that sticks of moderately small sizes may lodge in these and cut 
off the water flow. For this reason screens must be provided with 
openings small enough to bar anything which could lodge in these 
discharge ports. The obstructions which will pass these ports are 
however larger than those which were likely to derange the valves 
of reciprocating pumps, and centrifugals have therefore the best of 
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the argument in this very important respect. Owing to their extreme 
simplicity and to the fact that they have but one moving part, and to 
the entire absence of valves, these pumps are relatively inexpensive, 
a result which is attained by virtue of the fact that they are run 
at very high speeds, and pass an enormous volume of water in propor- 
tion to their size. 

The master mechanic at the plant at which was installed the pump- 
ing plant illustrated above, Fig. 235, assured me with great respect, 
but nevertheless with profound conviction, that those pumps would 
"never deliver water enough to supply that furnace." When they were 
put into operation, however, one of them promptly ran away with the 
supply brought in by the race from the river; he had to bestir himself 
to increase the supply, and his doubts were overcome with a vengeance. 

Centrifugal pumps on account of their extreme simplicity may be 
operated practically without supervision or at least receive it only at 
several hours intervals, there being only a few oil cups to look after. 
These pumps may be driven by any type of motor desired but for 
large sizes there are practically only two to be considered. One is 
the electric motor, the other the steam turbine. 

When the pumping plant is located at some distance from the main 
plant, electrical transmission is to be desired, as motors will run for 
many hours without attention if properly installed and equipped, so 
that an occasional visit of an attendant is sufficient, whereas when 
steam machinery is employed it is virtually necessary to have an 
attendant on duty all the time, though his work may be of the Ughtest, 
95 per cent, of the time. 

In small sizes the electric motor driven from an economical central 
station is probably more economical than the turbine, because a tur- 
bine economical in small sizes has not yet been developed^ but in large 
sizes the directly connected turbine furnishes an ideal drive for these 
pumps. On account of the very high efficiency of the turbine, espe- 
cially in view of the fact that a surface condenser may be installed in 
the water main and a very high vacuum attained without much ex- 
pense, it is probable that the best type of unit of this kind is as eco- 
nomical in steam consumption as the vertical pumping engine earlier 
described because the greater efficiency of the turbine offsets the smaller 
efficiency of the pump, and the cost is only a fraction of that of the 
engine-driven unit, so that where steam-driven plants are to be installed 
it may be expected that the turbine-driven centrifugal pump will 
play an increasingly important part. 

In one plant of which I formerly had charge the pumping plant 
consisted of triplex plunger pumps belt-driven from electric motors, and 
while the pumps were poorly designed and were too weak for the ser- 
vice for which they were furnished, the combination formed (with this 
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exception) a very satisfactory plant, and to my surprise the efficiency 
of the pumps was very high. A test was made of one of them using 
a large and accurate weir to measure the water, and although the 
pump was not tuned up for a test, but tested in its ordinary running 
condition, the efficiency of pump and motor figured out about 85 per 
cent. Undoubtedly a plant of triplex pumps properly designed and 
geared to their driving motors would be an effective and satisfactory 
type of pumping plant where electric drive was desirable, but of course 
this type of machine does not lend itself to satisfactory steam drive. 

The details of these different types of pumping plants are no dif- 
ferent from what they are in ordinary service and therefore need not 
be especially described and illustrated here. 

Stand pipes. — The water supply is vital to the life of the furnace 
plant and must be continuous, since the failure of the water supply 
on the tuyferes for two seconds would almost certainly cause them to 
be burnt, and only a few seconds more would be necessary to burn the 
coolers and cooling plates as well. For this reason no amount of care 
expended to secure a reliable and constant water supply to the furnace 
is too great. 

It is obvious that even with duplicate units in the pumping plant 
there must be an interruption of a few minutes from time to time in the 
supply, and it is therefore universal in good modern practice to have a 
stand pipe with a capacity sufficient to take care of the furnace water 
supply for a limited period. What this period should be depends upon 
the judgment or, one might almost say, the individual caprice of the 
designer of the plant. I have seen some plants at which the stand 
pipe looked hardly bigger than the smoke pipe of a domestic stove, 
while at many others it is of the size that would do credit to a large 
city. 

It is probable that the stand pipe should be sufficient to maintain 
a full supply of cooUng water on all the furnaces for at least one hour. 
Then in case of a serious failure of the pumping plant the furnaces 
would be shut down and the water supply slacked to a very small 
percentage of its normal flow and in this way they would be saved 
from injury for several hours. In case of necessity the tuy feres and 
even the coolers can be pulled if it is obvious that the water supply 
cannot be restored before the stand pipe supply gives out. 

There are three types of stand pipe in common use: first, the 
straight cyUndrical pipe like a stack, second, the elevated tank (gener- 
ally in modern practice having a spherical or parabolic bottom) sup- 
ported on a steel tower, and third, a flat tank of relatively small depth 
placed on top of some building for which it acts as the roof. 

The first type is the poorest for the reason that only the upper 
third of it is useful for storage since when the water falls below that 
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level the head is insufficient to maintain a proper supply. Or if the 
tank is built so high that a greater proportion is available then 
the water must be pumped much higher than is necessary to obtain 
the desired amoiuit of storage, with consequent waste of power and 
high cost of equipment. 

The second type is that which is commonly used as the stand pipe 
for cities if no hills are available, and for large plants. The tank is 
elevated to such a level that its whole contents are available for a 
water supply, and the excess of the maximum ovpr the minimum 
height of the water level in it is small, so that not much excess pumping 
is required. 

The third type is not so common now as it was a few years ago, 
but has much to recommend it, embodying as it does a very large 
storage with a very small fluctuation in height, and being supported 
on the walls of the building whose roof it forms, its expense is not exces- 
sive, although of course very heavy girders across the building are 
required to sustain its weight. 

At some fortunate plants which receive their water supply by grav- 
ity little or no tank is used because of the slight probability of inter- 
ruption to the regular water supply, there being no machinery to fail. 

Water mains. — The character of the water main, like that of 
many of the other auxiliaries, is determined primarily by the size of 
the plant. For small plants probably nothing but cast-iron pipe is 
ever considered, but for larger plants riveted steel mains have some- 
times been used, and it is possible that in the larger sizes they are 
cheaper for a given strength. One point should, however, always be 
kept in mind in designing mains, and that is that the water which is 
pumped through them varies from just above the freezing point to 
eighty or ninety degrees in some districts. The expansion therefore 
is considerable and means must be provided to take care of it. At 
one large furnace plant a large riveted steel main was pulled in two by 
contraction after being several years in service, and the job of making 
even a temporary repair was a very difficult one, while it could not be 
permanently repaired except by having the whole plant shut down, a 
condition which should not exist for many years at a stretch. 

This illustrates a point whick it is well to bear in mind in connec- 
tion with auxiliaries, that while each furnace and its immediate acces- 
sories are shut down completely at periods ranging from one to three 
or four years, the plant as a whole, even though it be not a very large 
one, is not likely to be shut down so completely as to permit stopping 
the auxiliaries for many years at a stretch. This fact should be borne 
in mind in laying out water mains, gas mains, electric lines, and sewer 
systems, particularly the first and last on account of their great size, 
their being buried underground, the great expense of doing anything 
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with them, and the vast difficulty of rigging up temporaries to permit 
repairs to the regular ones. 

Returning to the matter of the kind of pipe to be preferred, the 
cast iron has two very great advantages. 

First: Cast iron is less subject to corrosive influences than any of the 
other ferrous metals, the extent to which it is eaten away being only 
a fraction of that at which steel is attacked under the same conditions. 

Second: A bell and socket cast-iron pipe is laid with a lead joint 
every twelve feet, this lead being cast and calked to place on a backing 
of oakum in a way that makes it virtually an expansion joint, so that 
the expansion of each section is taken up at its ends. No heavy con- 
traction stresses can arise in this kind of pipe, nor can any distortion 
occur due to cumulative expansion from one end. 

Steel pipe, on the other hand, is rigidly fastened together in one 
piece, and if special precautions be not taken to prevent, the expansion 
or contraction is liable to be concentrated at one point and cause the 
failure of the pipe at that point. For this reason if steel pipe be used 
as a main water-supply system, well-made expansion joints, preferably 
made on the principle of a huge stuffing box filled with oakum, hemp 
or other packing, and set up with a gland, should be inserted at such 
distances as to locaUze and limit the expansion and prevent its doing 
damage. 

Where large plants are concerned, it is a matter for very serious 
consideration whether two mains should not be used instead of one, 
the two together being large enough to supply the whole plant, and 
one of them able to furnish an emergency or partial shut-down supply. 
By the introduction of a comparatively small number of duplicate 
valves permitting both mains to supply all parts of the plant, and at 
the same time enabling large sections of either to be cut out, provision 
can be made for repairs to these important accessories without much 
difficulty or expense, something virtually impossible when a single 
main is used. 

Furnace main connections. — The connections from the water main 
to the circulating system around the furnace are a matter of the 
greatest importance, and no amount of care, and no reasonable amount 
of money is too great to secure freedom from failure here. 

It has been my misfortune to experience three partial failures of 
this kind, and while in every case we escaped without serious damage 
to the furnace, we were forced to desperate expedients, in one case 
being compelled to pull the tuyferes from the furnace as the emergency 
supply was insufficient to supply these as well as the coolers and cooling 
plates; the latter could not be removed without serious delay and so 
were left in and fed with the minimum quantity of water which would 
prevent boiling. In this way we managed to prevent the burning of 
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any cooling member while we changed the fitting in the main supply 
line which had split but still remained in place, although its limit of 
life was evidently to be measured by minutes rather than hours. 

It is my judgment that two independent supply Unes should be 
used, equipped with the modern type of non-return valves close to the 
furnace main, these valves being bronze-fitted throughout so as to 
prevent sticking in the hour of need.* These supply lines should be of 
moderate size so that normally some water would flow through each 
and keep them both active, while in case of trouble with one the other 
would deliver an emergency supply. The non-return valves in case of 
breakage would prevent the water delivered by the unbroken main 
from flowing back out through the one which failed, and are an indis- 
pensable feature of such a design. 

Waste water system. — Until within recent years all the water 
used by the furnace was returned to the sewer so Uttle polluted that it 
required no special treatment, the water having been used almost exclu- 
sively for cooling and condensing purposes, but this is no longer true 
since the introduction of the gas washer. The wet scrubbing of gas 
requires a large quantity of water both for'cooUng and cleaning pur- 
poses, and the water discharged from these systems is exceedingly 
foul, containing the dust from the gas, and also much of the fume 
which we have been accustomed to consider separate from the dust. 
In most cases to return this foul water through the sewer system to the 
original source of supply would be to invite legal action, and it must 
accordingly be settled so as to remove the greater proportion of its 
suspended matter. Even after receiving careful settlement it is still 
quite foul and should not be turned into the main sewer system with- 
out careful examination to see that it will not cause the filling up of the 
latter either by precipitation of suspended material, or by the formation 
of a deposit of dissolved matter upon the sewer walls. 

Where very large quantities of waste water are to be handled brick 
or concrete sewers are used practically the same as in regular city 
sewer work, but the branches from these or the main sewer at smaller 
plants may be of different material. Generally terra cotta pipe is 
used from about two feet in diameter down, but in many cases square 
wooden boxes of heavy plank, strongly spiked together, are used very 
satisfactorily since they are relatively inexpensive, are very durable if 
located so that they stay wet all the time, and are not liable to be 
broken by light shocks and heat, as are terra cotta sewers. It is prob- 
ably safe to say that in nine cases out of ten the sewer system does not 
receive as much attention in the designing of plants as it should, and 
is put in as an afterthought, with the result of costing more, and not 
improbably being worse located than it might have been had it re- 
ceived earlier consideration. Above all, care should be taken to design 
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small sewers so they can be cleaned by punching without digging 
them up. 

In many cases also where terra cotta is used for secondary perma- 
nent sewers it is probable that the greater strength and durability of 
cast-iron pipe of light section would more than justify its increased 
cost, since difficulties with a sewer, while they are not very frequent, 
are inconvenient and expensive to the last degree. Some miserable 
sewer buried under the ground and never thought of once a year, whose 
failure to carry off the waste water results in flooding everything, may 
necessitate the shutting down of the plant for hours in order to cut 
off or reduce the flow of water while it is being repaired. 

One point in the design of the sewer system relative to the plant 
as a whole is worthy of note. In plants located in northern climates 
much trouble is sometimes experienced from anchor ice forming on the 
screen below the water level and shutting off the supply of water. 
The main waste sewer is normally located to discharge below the pump 
intake, as is absolutely right and proper, but where this discharge 
consists of practically clean water which has been used only for cooling 
purposes the sewer may well be provided with an auxiliary discharge 
just above the main intake screen of the pumping plant, whereby some 
of the warm water returning may be discharged at the river bank so as 
to warm the entering water a little above the freezing point and so 
serve to cut off or prevent the formation of anchor ice with all its 
attendant annoyances. These are minor points in the consideration 
of the blast-furnace plant as a whole, but they are apt to be extremely 
expensive ones unless given careful thought in advance. 

Compressed air supply. — In former times,, before electricity had 
reached its present state of development, a supply of compressed air 
was one of the greatest conveniences that could be installed at a 
furnace plant. It was very frequently used for operating bell cylinders, 
for drilling the tapping hole, for operating pneumatic tools on repair 
jobs, and many similar operations. For this purpose an air compressor 
of good design was installed in the power plant, and the air piped to 
the points of utilization. In good practice branches with valves were 
inserted in the main at different points so that air could be taken 
wherever it might be needed, with a short temporary line or hose. 
Electric power is more economical than compressed air and its general 
introduction has tended to supplant compressed air installations but 
the conveniences of the latter is so great that they are well worthy 
of consideration in spite of somewhat lower economy. 

The modern designs of air compressors are greatly improved over 
those of a few years ago, being more economical and more reliable, 
and air supplies a very desirable form of power, being absolutely safe 
and extremely convenient. Especially for repair and construction 



PLANT A UXILI ARIES 371 

work no substitute for the compressed air riveter and other tools of 
that kind has as yet been discovered. Where compressed air plants 
are installed as a permanency an after-cooler should always be pro- 
vided just outside the power house to cool the air to or below the tem- 
perature of the atmosphere so that the moisture condensed out of the 
air by compression may be removed at that point and not go through 
the line as vapor to condense in some distant pocket where it can make 
trouble in winter by freezing up. 

Many types of compressors have been brought out, and one known 
as the straight-line type, has had considerable popularity, this is of 
the same general design as the long cross-head blowing engine, but 
made horizontal, but compressors are very uneconomical unless they 
are compounded as to both steam and air. This means two cylinders 
for each, and therefore the straight-Une type must have four cylinders 
all in a Une to embody these features. This makes a rather compli- 
cated and extremely inaccessible type of apparatus, and as this type 
of engine has two cranks and two connecting rods virtually no more 
machinery is involved to make a cross-compound, two-stage tandem 
apparatus, with the advantage of vastly greater accessibiUty and 
generally a more economical design. The space required, and the 
foundation cost are greater with the cross-compound type, but its 
operating advantages are well worth the difference. 

Electric supply. — There are still a few furnace plants which are 
without an electric supply, these are lit at night by oil torches, collo- 
quially known by the descriptive name of "smoke pots," whose light is 
extremely poor and inconvenience very great, but within a few years 
the furnace which does not have an electric plant at least for Ughting 
purposes will be a thing of the past. At practically all modern plants 
so much of the work is done by electricity that an electric plant of 
considerable size must be provided. In many cases the electric stock 
hoist and electric bell hoist are used, and pumping plants, lights, and 
many other minor but necessary auxiliaries of the furnace are operated 
by electricity. 

Where the furnace plant is connected with steel works the electric 
plant of the combined works becomes enormous. That of a steel 
works of two or three thousand tons daily capacity is probably as large 
as that of the average city of half a million people. The electric 
plant for the blast-furnace does not differ essentially from electric 
plants for other uses and must be designed primarily with reference to 
its size and the service to be expected of it, never forgetting that on 
account of its convenience other duties will be hung on to it from time 
to time, and that the plant which does not start with a hundred per 
cent, reserve capacity will probably soon be too small to do what is 
required of it. 
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Where very large electric plants are to be installed it is still a 
question as to whether the gas engine or the steam turbine is the more 
economical. The gas engine is undoubtedly the more economical by 
twenty-five to thirty-three per cent, on the heat unit basis, but its 
operating cost is decidedly higher, and its fixed charges are very much 
greater than those of the steam turbine. It is therefore very largely a 
matter of local conditions. If coal be high, intelligent labor plentiful, 
and capital not too dear, the gas engine is to be preferred. When 
these conditions are reversed undoubtedly the steam turbine is the 
better. The intermediate conditions must be decided on their merits 
after careful examination of all the factors. 

The steam turbine has one great advantage in that it may be used 
as a low-pressure machine exclusively'', and in two of the most modern 
plants which combine both blast-furnaces and steel works the blowing 
engines are steam-driven, and exhaust their steam about at atmospheric 
pressure into turbines which drive the electric generators. The turbine 
is by far the most economical motor in existence for low pressures, 
while it is inferior to the piston engine at higher pressures. This 
arrangement places each type of machine under the conditions for 
which it is best adapted, and makes a type of plant which has every- 
thing to commend it when the electrical requirements are suiBcient to 
use up the steam from the blowing engines. 

In smaller sizes the electrical plant may be either steam engine or 
turbine-driven, the steam engine probably being preferable in small 
sizes and the turbine having an increasing advantage as the size of the 
plant increases. 

Voltage and kind of current to be selected, — The voltage and kind 
of current, direct or alternating, to be preferred depends on the local 
conditions. For small plants two hundred and twenty volt direct 
current gives excellent satisfaction. This voltage is high enough to 
keep the cost of copper in transmission lines within reason, and is low 
enough to give good service with incandescent lamps, while for electrical 
machinery which requires much control, such as cranes, ore bridges 
and the like, direct current still seems to have the advantage over 
the alternating on account of the ease of reversal, speed control, dy- 
namic breaking, etc. At large plants where the power is transmitted 
in great quantities the direct current is out of the question except as an 
auxiliary. The alternating current must be used so that it may be 
stepped up to any voltage desired for transmission and stepped down 
at the point of utilization. If direct current be required for crane ser- 
vice or the like, it is produced by motor generator sets or rotary con- 
verters. When alternating current is used different voltages may be 
used in different services to suit the individual conditions. For mill 
motors and the like where men are Ukely to come in close contact 
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with them foxir hundred and forty volts or less are used, whereas on 
large motors such as those which drive rolling mills direct, voltages 
from twenty-two hundred up to sixty-six hundred are used. 

GENERAL ARRANGEMEIVT OF PLANTS 

The general arrangement of furnace plants. — In early days blast- 
fiu'naces were very generally built singly, plants of two were scarce, 
and a greater number than that in charcoal practice were almost un- 
known. But as the world's consumption of iron has risen the number 
of furnaces per plant has increased almost as rapidly as the tonnage 
per furnace, there being two in the United States with eleven, many of 
six and seven, and only a small portion of the total furnaces are single 
fiu-nace plants. This fact has modified the general design of plants 
fundamentally. It is obvious that when a furnace stands alone the 
different elements of the plant as a whole may be arranged in almost 
any relation to one another, but when two or more are grouped to- 
gether it is plain that their raw materials should come in by a means of 
transportation common to all, and that their output should be similarly 
taken away. Also that labor can be saved by grouping certain com- 
ponents of the equipment of each furnace together, notably the blowing 
engines, boilers, and stoves. The first two can be supervised by the 
same men, and the third sometimes are. In considering the arrange- 
ment of furnace plants, therefore, we need scarcely to consider plants 
of less than two furnaces, because as stated above the equipment of the 
single furnace can be arranged in almost any reasonable way and meet 
the conditions fairly well. 

On account of the enormous quantities of materials handled it is 
obvious that the best possible arrangement of the railroad tracks must 
be at the basis of any proper design, and all multiple furnace plants 
for many years past have virtually had the stock houses for all the 
furnaces continuous, all being served by the same set of tracks. These, 
for obvious reasons, are made straight except in rare circumstances, 
and should always be so. This virtually forces the furnaces to be 
built in a straight line parallel to these stock house tracks. 

The next points in the design involving the handling of a heavy 
tonnage of material are the casting arrangements and the cinder pits, 
and here it took many years to reach a sensible design. Probably the 
greatest defect of all our designing is a tendency to put every part of 
the design either at right angles with or parallel to the next element, 
and plants have in general been laid out with their parts at right angles 
with or parallel to the other parts. The fact which seems to have 
escaped observation is that railroads do not run around right angles, 
and therefore with one part of the plant at right angles to another if the 
first were parallel with the tracks, the second must be at right angles 
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to them, and therefore relatively inaccessible. In spite of this the 
line of the cast house was for many years built at right angles to 
the line of the stock house tracks^ and in order to bring cars alongside 
the cast house to permit the direct loading of pig iron these tracks 
all had to make a sharp right-angle turn. Even worse is the fact that, 
as the curves must all be turned oflf in the same direction, they can 
turn to a tangent along the near side of the cast house wall, but can 
only approach it with great diflSculty on the far side, a very disad- 
vantageous condition. 

A Httle careful consideration will show that there is no fundamental 
reason why the cast house should be at right angles to the stock house 
tracks, and when the first pair of Lorain furnaces were built an attempt 
was made to evade this difficulty by turning the cast houses toward one 
another, so making them parallel to instead of at right angles to the 
stock house tracks. This somewhat increased their accessibility, but 
took up much room, since obviously the two furnaces were more than 
the length of both cast houses apart. 

Various modifications of the right-angle plan were used, but without 
reaching any design which met the conditions satisfactorily. When 
designing the plant of the Federal Furnace Company of Chicago, 
Julian Kennedy adopted a plan which will undoubtedly be more and 
more used, though often in modified form, as time goes on, he placed 
the line of the cast houses at a diagonal with the line of the stock house. 
Fig. 236 shows a ground plan of these works on which the names of the 
different parts are clearly marked so that the arrangement is easily 
comprehensible. It is obvious from this plan how easily all parts of the 
plant are reached by railroad tracks with short and easy curves, and it 
will be equally obvious on a little reflection that if the cast houses had 
been placed at right angles to the line of the stock house trestles, in the 
old-fashioned way, their far sides in particular would have been almost 
inaccessible to railroad tracks within the available yard limits. 

A further development of this idea took place when the Gary 
plant of the Indiana Steel Company was designed. A small scale 
plan of this plant reproduced from The Iron Trade Review is shown 
at Fig. 237 (page 377). The scale is so small that some study is 
necessary to distinguish the different parts, but this can be done with 
a little pains. 

In this case the cast houses were turned to an angle of about thirty 
degrees with the center line of the row of furnaces. The angle of the 
skip was made flatter and the base of the skip bridge further from the 
base of the furnace than in the Federal design so that tracks could be 
run along between the under side of the skip bridge and the foundar 
tion of the furnace itself, which greatly increases the accessibility of 
all parts of the plant to switching service. These tracks underneath the 
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skip communicate with the other tracks in front of the furnace by 
ladder tracks between every second pair of furnaces, which run through 
diagonally on the same angle as that of the cast houses. These tracks 
serve not only the cast houses, but the dust discharges of the different 
dust catchers as well. In this case each pair of furnaces becomes a 
lozenge shaped island in a wide river of tracks, with practically every 
part of the plant within easy reach of at least one track. It is seldom 
wise to prophesy finality in any technical matter, but the general 
principle of this design is so nearly perfect that it seems likely that it 
will eventually come to be the only plan considered for multiple fur- 
nace plants, but, of course, modifications to suit individual conditions 
or changes in the component parts of the plant may be made in every 
case. 

The distance apart of the furnaces. — This is controlled by various 
circumstances. When the ore supply for the large part of a year has 
to be stocked that becomes one of the controlling factors because the 
cost of ore bridges increases very rapidly with their length, and com- 
mercially their practical length is limited on this account, also by 
the great time required to traverse the trolley from one end to the 
other of a long bridge. The height of the ore pile is limited by con- 
siderations affecting the cost and strength of retaining walls at the 
sides of the stock pile, and the slope which the ore takes running back 
from them. The pile is thus limited in two dimensions, and in order 
to store a given tonnage of ore the required volume must be obtained 
by making the length of the pile per furnace as great as is necessary, 
and this length is obviously the minimum distance between furnaces, 
for those conditions. 

There are many other considerations affecting the spacing of the 
furnaces, however, especially in those cases where considerations of the 
size of the stock pile do not control them. It is very undesirable to 
have the furnaces crowded together as it is more difficult to work 
around them imder those conditions, more damage is likely to be done 
to one furnace by an accident at another, and questions of accessi- 
bility of various kinds arise which it is practically impossible to pro-' 
vide for in detail in advance, and which can only be met satisfactorily 
by having a certain amount of room around each furnace. 

On the other hand, it is undesirable to have them spaced too far 
apart on account of the initial expense of land, tracks, etc., and such 
spacing not infrequently defeats its own ends by offering a temptation 
to put something into the unoccupied space, another furnace or some 
other part of the plant. This has happened on more than one occasion. 
The supervision of furnaces is also more difficult when they are scat- 
tered over too wide a territory. One blower can frequently blow two 
furnaces if they are spaced close together, but would not be close 
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enough to the work to manage two located very far apart. When 
the Btoves for each of a pair of furnaces are arranged in a continuous 
row as shown in Fig. 236 this in iteelf controls the minimum distance 
apart of the furnaces, as it virtually does at that plant. 

Furnaces are very generally arranged in pairs, rights and lefts, as 
shown in Fig. 236, and more clearly shown in Fig. 238, which illua- 
trates the arrangement of a pair of furnaces with their stoves, gas 



Fig. 238. General ground plan and elevation of a pair of furnaces with their stoves 
and duet«stcher. Indiana Steel Company, Gary, Ind. 

mains, etc., in some detail. On the other hand, at one of the best 
built and most successful plants the plan was adopted of having the 
furnaces all built the same "hand," that is to say, looking at the plant 
from the front, the stoves are all on the left-hand side of their respective 
furnaces. 

One of t)ie advantages of the pair arrangement is that it makes the 
distance between furnaces alternately very short and quite long. The 
close grouping of one pair of furnaces is an advantage since that is 
about the limit of what a single blower can supervise satisfactorily, and 
having these two close together makes it possible for him to keep in 
much closer touch with their operation. The fact that the next pair 
is several hundred feet away is of no importance whatever to him. 

The arrangement of the stoves end hot-blast main. — This is a 
subject deserving the most careful consideration. Stoves in modern 
practice are universally arranged in one straight row, where considera- 
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tions of room permit, but this exposes the maximum amount of surface 
to radiation, takes up the most room, and requires the longest hot- 
blast main. 

About thirty years ago the late Samuel Thomas built the Pioneer 
Blast-Purnaces now owned by the Republic Iron and Steel Company 
in Birmingham, with the four stoves at the four corners of a square, 
with the hot-blast main nmning between them. This takes up much 
less room than the linear arrangement and shortens the length of the 
hot-blast main by the diameter plus clearance of two stoves, and 
where room is a matter of importance this plan is worthy of serious 
consideration. 

The location of the stoves in relation to the furnace is a matter of 
much importance from another point of view. The hot-blast main 
becomes heated to quite a high temperature in spite of a heavy lining 
of firebrick, and as a result expands in ordinary cases from one to 
three inches. No expansion joint has as yet been designed that is 
satisfactory for this service on account of the high temperature to 
which it is necessarily more or less exposed, and in consequence one 
end or the other of the hot-blast main must move. Owing to the 
construction of the hot-blast valve seats shown in an earlier article 
these act as expansion joints to the extent of about half an inch or an 
inch. That is, the main dan slide on the flat surface of the joint to this 
extent without breaking anything. The bustle pipe is suspended from 
the furnace itself on swinging hanger bolts, and these are free to move 
more or less, but movements of the bustle pipe in relation to the center 
of the furnace are extremely undesirable because if it was put up 
truly concentric with the furnace originally every change must move 
it from the center, which means that the distances from the base of 
the tuyferes to the bottom of the penstocks is not constant, as it should 
be, but longer on one side of the furnace than on the other. This 
necessitates having special blow pipes for some or all of the tuyeres 
and greatly increases the spares necessary to be kept on hand, and, 
what is even more important, increases very greatly the diflficulty of 
changing tuyferes or the Uke on account of the difficulty of securing 
the right length of blow pipe. 

For these reasons the design of the hot-blast main, particularly 
in relation to expansion, should be very carefully considered before a 
final plan is adopted. 

The elevation of the furnace. — Furnaces in the early days were 
set practically flat on the ground and their operating level was the 
general ground level, it being possible to walk about them without 
the use of stairs of any kind. But the tendency has stea^dily been 
to raise the furnace proper higher and higher above the ground level,^ 
primarily to permit placing ladle cars under the spouts delivering- 1^*^ 
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iron and cinder from the cast house. Many low-built furnaces were 
equipped for handling cinder in hot pots by digging deep pits for the 
ladle tracks and running down into these on a sharp grade. This is a 
way out of the difficulties which arise by not having sufficient height 
but it is an exceedingly poor one, because it increases enormously the 
difficulty of pulling the cars out of the pit and of handling them in it. 
Moreover, if a "mess" occurs, as it occasionally does in spite of the 
best management, the cinder and often the iron flow into the pit, or 
fill up the ladles, and then overflow them, running down into the pit 
itself and making in some cases a pool two or three feet deep of molten 
iron and cinder at the bottom of a deep pit with masonry walls. The 
task of removing this, which is absolutely necessary before the furnage 
can be put back into operation, is bad enough to contemplate but much 
worse to experience, while the expense of the delay and repairs to 
tracks are very heavy. 

Even where the pig iron is handled cold, by hand, it is extremely de- 
sirable to have the cast house set well above the level of the iron shipping 
tracks, very frequently transfer trucks are used in taking the iron from 
the cast house to the iron scales or the storage yard, or to the broad-gauge 
cars for final shipment, it is of course important to be able to drop the 
iron down to these transfer cars and also to drop it again to the stand- 
ard-gauge cars. All of these considerations have demanded that fur- 
naces be set higher and higher with the result that the hearth level at 
modern furnace plants is from 15 to 20 feet abova the ground level. 

The tracks serving the cast house and the cinder runners instead 
of being of the "dead end" variety as they must be if they are in pits, 
are, if possible, always made through tracks on the ground level, so 
that if there be an obstruction in one direction the liquid iron and 
cinder may be hauled away in the other. 

It is probably advisable to go even a step further than this and to 
have the level of these tracks where the ladles stand on them raised 
a little above the level of the surrounding territory so that in case of 
a breakout or other accident the runaway iron and cinder instead of 
forming a pool on top of the tracks, to their complete destruction, may 
run down hill off of them. 

The arrangement of the boilers and engines. — The blast can be 
carried for very considerable distances from the blowing engines with- 
out much loss of pressure and with but little expense. It is therefore 
possible to locate the blowing engine house at a considerable distance 
from the furnaces, but of course it is very undesirable to carry the 
steam any fiuther than is absolutely required. This means that the 
boiler house must be located close to the engine house, and as the gas 
from the furnace must be brought to the boiler house the location of 
the latter is deserving of considerable study. 
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At small plants attempts have been made to set boilers and stoves 
close together so that one man could attend both sets of burners, and 
this is, on many accounts, an excellent idea, but cannot generally be 
followed at larger plants, and therefore a location is chosen for the 
boiler house which will give the shortest and most convenient gas main 
to reach it and at the same time give the best steam connections to the 
engine house. It might almost be said to be standard practice to 
put the engine house and boiler house parallel and close to one an- 
other, although very many plants have departed from this practice for 
one reason or another. 

Where room is an important consideration these two buildings can 
be .placed in spaces relatively diflBcult of access without much detri- 
ment because very little material has to be hauled to or from them on 
railways, but, of course, provision must always be made to bring in an 
ample coal supply for the boilers even though it be useless 95 per cent, 
of the time. 

It is almost indispensable that the engine house should be served 
with a track to handle the heavy parts of blowing machinery during 
erection and subsequently during repairs, but these tracks being very 
little used need not have the location and alignment required for tracks 
carrying a continuous and heavy traffic. 

The number of furnaces served by a single blowing plant must be 
decided by the general arrangement of the plant along the lines laid 
down above. The expense of carrying the blast is, as there stated, 
not very heavy. At the same time if it were attempted to supply 
blast for a large plant of eight or ten furnaces from a single blowing 
engine house the quantity of piping involved would become very large, 
and the room which these pipes would take up running, in many cases, 
close to one furnace in order to reach others would be a very serious 
matter. For this reason it is possible that four furnaces is about the 
limit of the number that can be advantageously blown from a single 
engine house. Moreover, it is to be noted that when the number of 
engines in the plant has reached the limit of what one given crew can 
supervise adequately another crew then becomes necessary, or a large 
portion of one, and it makes little difference in the operating cost 
whether these be in one house or in two, while it makes an enormous 
difference both in cost and in room required if blast pipes for more 
than four furnaces have to be distributed from a single blower house. 

The electrical, compressed air and dry-blast plants are almost 
always located, as they should be, in or adjacent to the blowing-engine 
house so as to be under the charge of the blowing engine operators, and 
served by the cranes installed over the blowing machinery. The feed 
pumps for the boilers were formerly in the same building but are now 
very generally placed in the boiler house proper and put under the 
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charge of the boiler house attendant. The pumping plant must be 
located primarily with relation to the water supply, and while it is 
exceedingly desirable that this also should be in the main power house 
it is not always possible to arrange it in that location without sacri- 
ficing even more important considerations. At the same time the cost 
of attendance of isolated plants of relatively small power is very high 
as compared to that in a single large power house, and for this reason 
the pumping plant should be either in the main power house or as close 
to it as practicable. 

Arrangements for the disposal of the iron. — These necessarily 
vary according to the purpose of the plant. If it be a component part 
of a steel works then the prime consideration is safe and convenient 
f methods of hauling the ladle cars to and from the steel works. If on 
the other hand the furnaces constitute a merchant plant all the iron 
is required to be cast either in beds or a pig machine. In the latter 
case the location of the pig machine is a matter of some moment as 
is also the location of its service tracks. In an earlier chapter were 
given a description and illustrations of a pig machine plant with an 
excellent arrangement of *' ladder" tracks. Such an installation can 
within reason be located wherever consideration of tracks and space 
require. 

The disposal of the slag. — The prime consideration in this is that 
the runners shall be short since even the hottest and best-running 
cinder builds in the bottom of the trough and has to be cleaned out 
and disposed of before the next flush. The labor required for this 
increases almost as the square of the length of the trough and it is 
therefore very important to keep the latter as short as possible whether 
it is to discharge into a hot pot or into a granulating pit. 

The location of the slag dump for the final disposal of the slag 
may be any distance up to one or two miles or even twice as much, 
but of course it is desirable to keep this distance as small as possible 
in order to diminish the time of the ladle cars and locomotives on the 
road and so enable the smallest number of them to perform the neces- 
sary service. 



CHAPTER X 
THE DRY BLAST 

This subject has aroused within the last ten years more comment 
and controversy than any other connected with the blast-furnace. 
In dealing with the thermal principles of the furnace I shall endeavor 
to show that the claims for economy made on behalf of the dry blast 
are well founded, and in treating with the question of operation I 
shall endeavor to discuss the considerations other than those of fuel 
economy which affect the subject and must be considered before reach- 
ing a correct decision in regard to this matter. Here we have only to 
do with the design and construction of the plant if its installation be 
decided upon. 

It is well known that the atmosphere contains moisture, but the 
laws under which the moisture exists are probably less widely under- 
stood than any others dealing with a subject which affects our daily 
life so much. 

According to Dalton's law two or more vapors or gases can, in fact 
and in principle, occupy the same space at the same time, and each 
acts exactly as though the other were not there. That is to say, if 
we have two cylinders holding one cubic foot each, one of them con- 
taining nitrogen sufficient to exert a pressure of twelve and a half 
pounds per square inch on the inner surface of the cylinder (that is, not 
pressure above the atmosphere, but absolute pressure) and another 
containing oxygen sufficient to exert a pressure of two and a half 
pounds per square inch absolute, and pump the contents of the second 
cylinder into the first, each gas will continue to exert the same pres- 
sure that it did before, but in this case they will both be exerted on the 
walls of the same cylinder, and we shall have a nitrogen pressure of 
twelve and a half pounds, plus an oxygen pressure of two and a half 
pounds, or a total of fifteen pounds per square inch. Similarly if we 
have a cylinder containing a cubic foot of water-vapor at an absolute 
pressure of half a pound per square inch, and pump that into the first 
cylinder, we shall have a total pressure of fifteen and a half pounds 
per square inch, and if the cylinder were opened part of the mixture 
would flow out until the total pressure was down to atmospheric pres- 
sure, but the gases and the vapor would be present in the same pro- 
portions as before. 

This on the assumption that the temperature is high enough to 
produce a vapor pressure of half a pound, and here we come into com- 
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plications because the pressure of the vapor depends entirely upon the 
temperature, or at least is limited absolutely by it. It can never be 
more than the pressure corresponding to the given temperature, but it 
may be, and in the atmosphere generally is, less. For our present 
purpose it seems to me to simplify matters to consider the air not as 
containing vapor but as acting simply as a carrier for it. That is to 
say, if we handle ten thousand feet of air the water-vapor in that air 
must go with it, though not in the chemical sense dissolved therein. 

The determination of the quantity of moisture actually present in 
the atmosphere may be made in several ways. The simplest is to cool 
very slowly, by some form of artificial refrigeration, a glass or metal 
cup or vessel containing a thermometer and note the temperature 
at which visible moisture begins to settle upon it. This is known as 
the dew point, and knowing this we can easily take the weight of 
vapor per cu. ft. directly from the vapor tables, which the United 
States Weather Bureau publishes in very comprehensive and satis- 
factory form. This, however, is not the method generally recom- 
mended for obtaining the dew point. As the result of very extensive 
investigations it has been stated by practically all the authorities that 
the wet-and-dry bulb thermometer furnishes by far the most satis- 
factory and reliable information. The theory of this instrument and 
the tables for its use have been set forth very thoroughly both in 
government publications and in a paper by Mr. W. H. Carrier of 
Buffalo before the American Society of Mechanical Engineers, in Vol. 
33, 1911, the latter being particularly valuable. 

The quantity of moisture in air is usually given in grains per cubic 
foot, but this is an exceedingly unsatisfactory unit for blast-furnace 
work because the other quantities with which we are concerned are 
measured in tons and pounds, but certainly never in grains, and as 
the effect of water-vapor is purely a quantitative one it is very desir- 
able to have it expressed in the same units as those used for other 
quantities involved in furnace operation. For this purpose pounds per 
thousand cubic feet of air are by all means the most desirable, and as 
there are exactly seven thousand grains in a pound avoirdupois we 
have only to divide the grains per cubic foot of the ordinary tables 
by seven to convert the results to pounds per thousand cubic feet. 

Here a point of much importance arises. Air is very commonly 
measured at 32® F., but when its temperature is raised to say 70° F. 
its volume is increased about 8 per cent., and as the quantity of 
moisture increases directly as the volume, the moisture content of 
a cubic foot of saturated air at 70 is greater than that of the same 
weight of air at freezing, not only because of the increased density of 
the water-vapor but because the carrying space in which this vapor 
exists is simultaneously increased. 
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In 1906, soon after the first announcement of the success of the 
dry blast, I published before the (British) Iron and Steel Institute, a 
paper entitled "Different Modes of Blast Refrigeration, and their 
Power Requirements," in which was given a chart showing the weight 
of water-vapor per 1000 cu. ft. of air at temperatures from minus 20® 
to plus 80° F., but as this question of cubic feet is very troublesome, 
because we must always state the temperature at which the air is 
supposed to be measured, I converted this to 75 lbs. of air, which is the 
weight of atmospheric air at 70® F. and standard barometer. This 
chart is shown in Fig. 239, from which it will be seen that the moisture 
content at saturation per 75 lbs. (rf air rises from 0.07 lb. at zero F. 
to 1.14 lb. at 70® F. 

As normal air is about two-thirds to three-fourths saturated and 
as the temperature in summer may easily rise to 85®, it is very 
obvious that we have in summer to deal with moisture sometimes 
reaching a pound or more per thousand cubic feet, and such is the case 
in many northern iron-producing districts, the average moisture for 
some months being nearly a pound, while in Alabama the conditions 
are much worse than this, a pound and a half per thousand cubic 
feet being not unusual. 

Accepting it as proven for the present that the action of moisture 
on the operation of the blast-furnace is exceedingly detrimental, and 
realizing that the above figures indicate that we may easily be pumping 
50 lbs. or 6 gals, of moisture per minute into a modern furnace with 
the blast, the question obviously arises, how shaU we eliminate it? 

The metallurgical world now knows how the question was solved 
after many years of experiments by James Gayley at the Isabella 
furnaces in Pittsburg, the moisture being condensed out of the air by 
artificial refrigeration. Obviously, since the quantity of moistme in 
saturated air rises with great rapidity with rise of temperature, as 
shown in Fig. 239, we have only to lower the temperature to cause the 
precipitation of the moisture. In practice we have to do more than 
this, since lowering the temperature tends to precipitate the moisture 
as fog, which, in its form of water mechanically suspended, may easily 
pass with the rapid current of air through the refrigerating apparatus 
and thus to the blowing engines and the furnace. Care must there- 
fore be used in the design not only to condense the moisture but to 
precipitate it out in drops large enough to leave the air. Preferably 
the drops should form on the refrigerated siufaces and drip from 
these in such a way that the air current cannot pick the drops up 
again. 

Refrigeration requires power, and what is more serious it requires 
investment of capital. Therefore it is very important to design the 
refrigerating plant to use the least amount of power possible since 
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Pig. 239. Chart showing wfight of water-vapor per thousand feet of air at saturation 
at difierent tamperatures. 
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this will in general mean the smallest capital cost also, and the capital 
cost of this process has been its greatest disadvantage. 

The original dry-blast plant, that at the Isabella furnaces of the 
United States Steel Corporation, was of the brine circulation, single- 
stage type for the reason that in the vast metallurgical experiment 
upon which Mr. Gayley was engaged, he felt compelled to take the 
simplest and easiest means to accompUsh the result, irrespective of 
whether they were the most economical, and on account of the success 
of this system at the Isabella plant, and of some failures of early 
attempts to improve upon it, the same system was used for all the 
early dry-blast plants. Briefly this system is as follows: 

The ammonia vapor is compressed by a steam-driven compressor 
and condensed in a standard ammonia condenser, from which it passes 
to a brine cooler where it is evaporated, absorbing the necessary heat 
for evaporation from the brine and thereby cooling the latter. The 
brine, a solution of salt or calcium chloride with a freezing point many 
degrees lower than that of water, is then circulated through other coils 
in a huge chamber through which the air passes on its way to the blow- 
ing engine, the air being blown into the chamber by a large fan and 
removed from it by the suction of the blowing cylinders. Ice forms 
on the coils, which soon reduces their cooling power and obstructs the 
passageways for the blast. This necessitates putting out of commission 
each of the coil chambers in turn every few days while it is thawed 
off by steam, an expensive operation since not only the steam but the 
ice, cost coal, and the operation of thawing itself takes some time and 
labor. 

A plant of this type designed by Frank C. Roberts & Co. is shown 
by Fig. 240. The captions under the different views render them 
very easy of comprehension. 

A careful study of the refrigerating process makes it obvious that 
this system of refrigeration is capable of • great improvement, both 
from the point of view of first cost and that of power requirements. 
The general principles controlling this whole matter were pointed out 
at some length in my paper before mentioned, part of which is repro- 
duced below. 

It is well known that the power required for a given quantity of 

refrigeration per minute, Q, is theoretically proportional to ^-^ — ' 

where Ti is the absolute temperature (Fahrenheit + 460 deg.) at which 
the heat is absorbed by the system and T^ that at which it is rejected, 
the expression being 

^^ " 33;000 ^ "*^ ^^^ 

where Q is measured in B.t.u. per minute. 
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The ammonia-compression refrigerating machine having so largely 
supplanted all others for land service, we shall consider only that type. 
Upon it, fortunately, reliable investigations have been made which 
enable us to establish a relation between its theoretical and its actual 
performance, and this goes far towards answering our questions. 

For a number of tests in each of these series I have calculated the 
theoretical horse-power by equation (1), and cohipared it with the 
actual indicated horse-power of the steam cylinders, the ratio of the 
latter to the former being called ft, it being, in fact, the reciprocal of 
the efficiency on this basis. 

These values of R have been plotted as ordinates with the corre- 

T — T 

sponding values of — jp — as abscissae, as shown on Fig. 241. 

T — T 

The values of R plainly decrease with the value of —^, — ^, and 

i 1 

it is clear that when the temperature range is zero, R should 1, the 

efficiency being perfect. Accordingly, a straight line has been drawn 

/T — T \ 

passing through the point f —^ — = 0, fl « 1 J and this line coincides 

with the points with surprising accuracy, and may be taken as ex- 
pressing the law of this relation correctly. 

As these tests represent widely varying conditions it is clear that 
there is a trustworthy connection between the conditions of refrigeration 
and the power required for it in any case.^ The algebraic expression of 

Ti-Ti 
these values is ft = 1 -f- 4.15 — jp — . 

The relation between temperature range and power requirements 
for a given quantity of heat having been determined, we need only 

^ Although this seems such an obvious means of determining the actual power 
requirements in any case, when the general conditions are known, it is entirely new, 
and has never been used by refrigerating engineers, so far as known to me. 

In the original paper reference was made to the work of Professor Denton in 
New York and Professor Schroter in Munich on tests of the power consiunption of 
refrigerating machines, but a much more extensive series of tests have since been con- 
ducted by the York Manufacturing Company, under the direction of Mr. Thomas Ship- 
ley, its general manager, and the results of these tests have been collected and plotted 
in a paper on " The Power Required for Refrigeration " (MeiaUvrgical and Chemical 

Engineering f December, 1912) and the diagram giving these results is substituted as 

j» j» 

Fig. 241. The coefficient of — — — based on these results becomes 3.7 instead of 

Ti 

4.15, corresponding to a smaller indicated power than shown in the earlier results. 

The difference is not great for the conditions of blast refrigeration and makes power 

estimates based on the subsequent curves in this quotation somewhat high and 

correspondingly safe. Tests on both wet and dry compression were given in the 

original paper but now the dry is so much superior that the wet compression tests 

have been dropped and allusions to them omitted. 
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to know in addition the quantity of heat to be removed to determine 
the actual horse-power required. 

The quantity of blast used being commonly measured in thousands 
of cubic feet per minute, the quantity of heat required to be removed 
per 1000 cu. ft. of blast is obviously the most convenient basis, but 
we are at once confronted with the difficulty that, as we change the 
temperature of the air, we change the volume of a given weight as 
well, 1000 cu. ft. at 70° F., becoming 900 cu. ft. at 21* F.; so that 
in considering the quantity of water-vapor contained in the blast 
as affected by refrigeration we not only diminish it by the fact that a 
cubic foot of space will contain less moisture at 21* F. than at 70* F., 
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Fig 241. Chart showing ration of actual to theoretical horse-power 
required for refrigeration with different temperature ranges. 

for instance, but that there are only nine-tenths as many cubic feet 
for a given weight of blast. 

To overcome this diflSculty the standard temperature at which 
blast is measured is taken at 70° F., at which 1000 cubic feet of air 
weigh exactly 75 lbs., and all calculations are based on 75 lbs. of air, 
correction being made for variation in volume. For the convenience 
of those desiring to make calculations on blast drying, a diagram 
(Fig. 242) is given herewith, which gives various relations of this 
standard quantity of air, based on its temperature. 

The lower half of the diagram contains three curves whose abscissae 
are temperatures, and their ordinates quantities of heat above 0° F. 

The straight line I shows the sensible heat, above that at 0° F., 
of 75 lbs. of air at any given temperature. 

The upper curve gives the quantity of heat present above 0° F., 
in the water-vapor which will saturate 75 lbs. of air at different tem- 
peratures. 

The latter quantity is not that given in steam tables as the "total 
heat of steam," but represents as nearly as may be the heat which 
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would require to be removed by refrigeration in order to reduce the 
vapor present in the air to the quantity sufficient for its saturation 
at 0° F. 

This is made up as follows, for temperatures up to the freezing point: 

1. The sensible heat of the ice above 0^ F. (the specific heat 
taken as 0.50). 

2. The latent heat of freezing. 

3. The heat of vaporization. 

These are all to be taken for the given temperature and the quan- 
tity of moisture actually present in 75 lbs. of air at that temperature. 

Above the freezing point the conditions are altered; for part of 
the water, as soon as condensed, will not wait to be cooled down to 
the temperature of the refrigerating coils, but will drip off them soon 
after its deposition. As a fair estimate, therefore, one-half of the 
sensible heat (above 32^ F.) for all the vapor in excess of that 
present at freezing is added to the other items. 

This is shown on the diagram as ciu^e II. 

The lower curve III is derived by adding the ordinates of the first 
two and represents, therefore, all the heat requiring to be removed to 
reduce the air from saturation at a higher temperature to saturation 
at 0*. 

The small quantities of heat A Q, of which these larger quantities 
are made up, are each removed at a different temperature, and there- 
fore correspond to a different Ti, in formula. (I) J hence these total 
quantities cannot be applied directly in that formula, but the latter 
must be put into the form 



HP-fl ^^* 



33,000 



(^) 



and integrated in order to give numerical results. This would be so 
tedious a process as to be useless if done anal3rtically, but may be done 
conveniently by the application of the entropy diagram invented by 
Professor J. Willard Gibbs of Yale University many years since, and 
brought to the attention of the engineering world at large some fifteen 
years ago by Mr. Macfarlane Gray of England. 

To many it will be a matter of indifference how the results are 
reached, provided only that they are reached correctly and swiftly. 
To these it may be said that entropy is a mathematical quantity 
depending upon heat and temperature, such that, when any thermal 
operation is plotted with temperature for abscissae and entropy for 
ordinates, the mechanical work involved is represented by the area 
included, precisely as it is with co5rdinates of pressure and volume in 
the ordinary indicator-diagram. This quantity has been determined 
for 75 lbs. of dry air, for the vapor contained in it, and for the sum of 
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these, exactly as for the corresponding quantities of heat, and these 
are plotted on the upper side of the same temperature axis as the 
latter. These curves are numbered respectively IV, V and VI. 

The theoretical or perfect cycle of operations of the ammonia -com- 
pression machine is represented on this diagram by a rectangle whose 
right-hand end is the ordinate at the condensing temperature of the 
ammonia. Its top is a horizontal hne at a height determined by the 
total entropy of the air to be refrigerated, and its bottdm is one at a 
height determined by the entropy after refrigeration. (These will be 
called hereafter the lines of maximum and minimum entropy respec- 
tively.) Its left-hand end is determined by the suction or absorption 
temperature of the ammonia, which must be low enough to absorb 
heat from the air at the lowest temperature to which the latter is to 
be reduced. In practice the suction temperature is never less than 
10® F. lower than this; and similarly the compression or condenser 
temperature is never less than 10® higher than that of the condensing 
water. 

Under normal conditions cooling-water at 70® F. to 75® F. will 
always be available for condensing purposes in hot weather, and the 
maximum condenser temperature used in these diagrams is accordingly 
85® F.; also, in all the cases taken for analysis in this article, this is 
the condenser temperature assumed, unless otherwise stated. 

If we assume a uniform difference of temperature of 10® on the 
two sides of the expansion coils, we might construct a curve lying uni- 
formly 10® F. to the left of the total entropy curve, that is, having 
a temperature 10® F. lower for the same ordinate in each case, and 
the lower left-hand corner of every rectangle would lie on this line, 
thus determining the rectangle completely, as the top and bottom 
lines are in all cases the lines of maximum and minimum entropy, 
and the right-hand end is the condenser temperature as before, the 
left-hand end being then determined by the intersection of the line 
of minimum entropy with the proposed curve. This curve, however, 
is not drawn on Fig. 242 for the reason that the area of the rectangle 
so determined would have to be multiplied by R, which would have 
to be determined from the absorption and condenser temperature in 
each case, in order to give the actual power required. 

In order to avoid this necessity three auxiliary curves are plotted 
in dotted lines, which give the actual power requirements direct, with 
an assumed temperature difference in all cases of 10® F. at the 
refrigerating coils, and for three different condenser temperatures, 
respectively 85® F., 70® F., and 55° F., corresponding to the tempera- 
ture of cooling-water available under different conditions and at 
different seasons. 

The simple rule for the use of these curves is: Draw the lines of 
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maximum and minimum entropy, both extending to the proper con- 
denser temperature on the right, and the latter extending to the left 
to its intersection with the corresponding dotted curve; at this point 
erect the vertical which completes the rectangle. The area of this 
rectangle in square inches gives the horse-power required per 75 lbs. of 
air for refrigeration between the limits chosen. 

At various heights on the diagram the difference in temperature 
between the entropy curve and the assumed condenser temperature is 
taken, increased by 10° F., and the sum multiplied by K as determined 

from — m — for that point. This product is not in any way to be con- 
i 1 

sidered as a temperature, but only as a length, and is set oflf to the left 
of the condenser temperatm'e used, with the ordinate for which the 
temperature difference was taken. 

These points are connected by the dotted curves, and when the left 
end of the rectangle is drawn upward from the intersection of lines 
of minimum entropy with the approprifite curve, its right end and top 
being, as before, the condenser temperature chosen and the line of 
maximum entropy, it is evident that the length (and therefore the area) 
of the rectangle has been increased in the ratio /2, thus giving actual 
horse-power. 

In using these curves care must be taken to use the one correspond- 
ing to the condenser pressure in the given case. If this be different 
from any of those given, the curve corresponding can be interpolated 
by eye with all the accuracy necessary for most purposes. 

It must also be noted that the curves are only correct for the 
"direct expansion" system, that is to say, where the ammonia is 
expanded in the coils over which the air passes. 

In the brine-circulation system the ammonia is expanded in coils 
immersed in a tank of brine, which is afterwards circulated through 
coils in the refrigeration chamber. It is obvious that this system 
requires twice the expense for coils or pipe surface, and also requires 
twice the temperature-interval between the temperature of the expand- 
ing ammonia and that of the air, required by the direct-expansion 
system, since the heat requires to be transmitted through the walls 
of two sets of pipes instead of one. It is for the latter reason that the 
curves given are not correct for the brine system. To make them 
correct for this case at least 20** F. should be added, instead of 10° 
F., to the difference of temperature between the points on the entropy 

curve and the condenser temperature. This of course would give a 

Ti - Ti 
new value of — jp — and a new and larger value of R to correspond, 

so that the length of the rectangle for tliis case would be very materially 
augmented. 
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This is shown by Fig. 243, in which is plotted the ratio of water 
removed from 75 lbs. air below 40° F. to the power required for 
its removal. This is based on 70** F. condenser-temperature and 
single-stage non-regenerative refrigeration. 

The saving in fuel in the furnace is directly proportional to the water 
removed, and the cost of plant and its operation nearly proportional 
to the power required, so it will readily be seen from Fig. 243 that a 
linait must soon be reached from the commercial point of view. 

In summer all the uniformity possible would be reached by refriger- 
ating to 32** F., and all trouble from ice formation would be avoided 
by not going below this point. 

As the weather became colder and the dew-point fell so as to be 
sometimes below this point, the diminished refrigeration required, and 
the lower temperature of cooling water available, would enable the 
same plant to maintain a lower temperature and still retain the uni- 
formity desired by reducing the temperature of the air below the low- 
est natural dew-point probable. 

This change being entirely under control of the manager would 
lead to no sudden changes, and would give a coke consumption in 
summer so nearly the same as that in winter that the difference would 
probably be inappreciable, since as between a refrigeration tempera- 
ture of 32° F. and one of 22° F., with a blast temperature of 1000° 
P. and normal coke practice, the saving for the latter would be about 
2 per cent. 

Using this chart as an implement of investigation we may now pro- 
ceed to examine various methods of refrigeration. 

In order to represent these methods graphically, and at the same 
time avoid marring the diagram Fig. 242, for independent use, it is 
reproduced in Fig. 244 with the rectangles representing the cases to 
be discussed drawn upon it. 

In order to facihtate comparison and reference certain data cor- 
responding to frequent summer conditions, may be assumed, namely: 
a temperature of 85° F., and a dew-point of 70° F., a condenser- 
temperature of 85° F., and that the air is to be refrigerated down 
to 25° F. 

Let us also draw for convenience on Fig. 242 the line of 10° F. 
temperature-difference parallel to the curve of total entropy (VII). 

The conditions assumed are then represented on the diagram by the 
area aJHda, 

The rectangle drawn for these conditions is ZJHG, and its area is 
6.60 X 1.89 = 11.56 sq. in., corresponding to 11.56 h.p. for drying 75 lbs. 
of air between the limits and under the conditions assumed. 

It is evident that the area below the curve of total entropy and the 
line of maximum entropy, above the line of minimum entropy, and to 
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the left of the line of condenser-temperature, represents the theoretical 
minimum work for the performance of that amount of refrigeration. 
This must be increased in practice by moving the curve of total entropy 
10*^ F. to the left to give the necessary temperature-head. This 




10" 20^* 80*82" 40*^ 

TooBperatuze -Fahrenheit 



Fig. 243. Horse-power required per pound of water removed 
per minute in refrigerating blast to temperatures below 40^ 
Fahr. (Direct expansion, single-stage, non-regenerative re- 
frigerator, condenser temperature 70® Fahr.). 



is the curve of 10° F. temperature-difference on Fig. 244, and is 
approximately a diagonal line across the diagram, making the area 
roughly triangular. On the other hand, the energy-diagram of the 
ammonia refrigerating cycle is, as already stated, a rectangle, and as 
it must be as large in every direction as the diagram of energy required, 
it is obvious that there must be a large quantity of waste room in the 
former diagram and that, accordingly, energy is being wasted. 

This is also evident from an inspection of Fig. 239 since this shows 
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that of all the moisture contained in the air at 70° F. half is pre- 
cipitated when the temperature is lowered to 50° F., and of that 
removable down to 25° F. almost two-thirds, yet the heat of all 
this is removed at the temperature of 25° F. 

This is precisely as if, in pumping from a shaft 45 feet deep, in 
which three-fifths of the water entered in the upper 20 feet, we put one 
pump at the bottom and let all the water run down to that level before 
pumping it out. It is really much worse than this, because in pumping 
heat the power required increases much faster than the head, while 
with water this is not true. 

The remedy is as obvious in refrigeration as it is in pumping, to 
have two pumps, catch the greater part of the heat near the top of its 
scale and pump it out from there, pumping from the lower level only 
the heat which comes in at or near that level, a much smaller quantity. 

This means the use of two ammonia^ompressor cylinders, one 
working from the 15° F. suction-temperature as before, the other 
working from a much higher suction-temperature, say 36° F., both, 
of course, working to the same condenser-temperature. 

The rectangle for the latter of these extends from the line of maxi- 
mum entropy for the case assumed, JjRl in Fig. 244, down to the line 
NM through 46° F., on the "total entropy curve," the end lines being 
drawn as before, the whole rectangle being JKLM. 

The rectangle for the first-mentioned cylinder extends from the line 
MLN down to that of minimum entropy GH, the completed rectangle 
being MNGH. 

The area of the first of these is 3.50 x 1.25 = 4.375 square inches; 
of the latter 5.60 x 0.64 = 3.575 square inches; total 7.95 square inches, 
corresponding to 7.95 horse-power per 75 lbs. of air, as compared with 
11-56 horse-power for doing the same work in one stage. 

This involves also the great advantage that most of the water is 
removed at a temperature above freezing, so that the quantity of ice 
which can form is greatly reduced, even in the coils of the second stage. 

Three stages could similarly be used, but with a much smaller 
saving, as an inspection of the area outside the "85 degree horse-power 
curve" will show, so that the added complication of another stage would 
probably be a poor investment, especially as other considerations, to 
be mentioned presently, contribute to reduce the relative economy and 
desirability of this step. 

The air leaving the refrigerator chamber is at the temperature of 
25° F., and it is plain on the briefest consideration that this may be 
used for cooling the incoming air, with a saving of power to the refrig- 
erating machine. 

What the amount of this cooling will be is, of course, not a ques- 
tion of entropy, but simply one of heat. It is not, however, one of 
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easy algebraic solution, since the total heat of the vapor is a very 
complicated function of the temperature, that of the air being, for 
narrow ranges, a simple one of direct proportion. 

It is for this purpose that the curves of heat are added below those 
of entropy on the diagram. 

The problem is: Given 75 lbs. of dry * air at 25** F., allowing a 
temperature-difference of lO** F., and using the counter-current system 
of cooling, to what temperature will 75 lbs. of air at 85^, saturated 
with vapor at 70** F., be cooled? 

Neglecting the insignificant superheat of the vapor, the air must 
be cooled from 85® F. to 70® F. before the moisture will be a factor, 
and the specific heat of air being constant this will obviously warm 
the dry air up from 26® F. to 40® F. 

As 10® F. difference of temperature to give the necessary ther- 
mal head is assumed, the dry air will be discharged at 75® F., and 
the heat absorbed by it, from 40® F. to 75® F., is . obviously that 
available for cooling the saturated air below 70® F. 

Taking from the curve "heat of dry air" that due to 35® F. 
difference of temperature, we measure it off (towards the axis) from 
the 70® F. point on the curve of total heat; it comes to 1992 British 
thermal units, the line through which intersects the total heat curve 
at 68® F. 

This transaction is shown by the lines A^B^C^ on Fig. 244. From 
this it is obvious that the line of maximum entropy for this case is 
that through the temperature 58® F., which is simply transferred 
vertically over to the total entropy curve. This line is shown at VP in 
Fig. 244, the whole rectangle being VPHG, whose area is 1.11 x 56 = 
6.22 square inches » 6.22 horse-power, as compared with 11.56 horse- 
power for the same work without regeneration. 

With this improvement can now be combined that of stage refriger- 
ation, by which is obtained the two rectangles PQRS and TSHG, whose 
areas are 3.72 x 0.66 = 2.45 square inches, and 5.6 x 0.45 » 2.52 square 
inches, corresponding to a total of 4.97 horse-power per 75 lbs. air 
when refrigerated in stages and with the aid of regeneration. 

From this it will be seen that great economies are effected by the 
use of the direct-expansion system, by refrigerating in two stages and 
by regenerating the "cold" in the air which has passed through the 
system, for the purpose of cooling down the incoming air. 

There is also another possibility in the direction of economy which 
received consideration .in the original development of this process by 
Mr. Gayley and was brought out in the discussion of my paper, that 
is, the utilization of the reduction of the volume of the air due to its 

* The trivial amount of water-vapor still present is neglected, being only 0.4 
per cent, of the total weight. 
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being compressed for delivery to the furnace. If the blast pressure is 
fifteen pounds obviously the volume of the blast at atmospheric tem- 
perature is reduced to fifty per cent, of its original amount, and ob- 
viously also since the quantity of vapor present per cu. ft. is a function 
of temperature only, this means that if the air were saturated before 
compression half the moisture would be squeezed out of it by compres- 
sion, if its temperature were reduced to that of the atmosphere after 
leaving the blowing engine. This means plainly two things. First, 
less moisture to be condensed; second, the moisture present will be 
condensed to any desired limit with a higher dew-point. This also 
means a saving in power. 

In the early plants where the air was cooled by the introduction 
of vast masses of pipe coils into its path it was virtually impossible 
to have chambers which would withstand the blast pressure necessary, 
and of a size to contain this mass of coils, without, prohibitive expense 
and perhaps danger, therefore in these the refrigeration is always done 
before the air enters the blowing engine, but in later years the system 
of cooling the air by direct contact with a "rain" cooled by the refrig- 
erating coils has been introduced and this eliminates the necessity for 
coils in the refrigerating chambers, thus reducing the latter to relatively 
small dimensions, and this makes possible the use of the "post-com- 
pression" system of refrigeration. 

This system has been worked out and applied by the Carrier Air 
Conditioning Company of America, which also uses regeneration and 
refrigeration in stages. A plant designed by them is shown by Figs. 
245, 246 and 247. Fig. 245 shows a side elevation of the ammonia 
compressor (motor-driven), and the ammonia condenser, also of the 
brine coolers, while behind, rising above the shed roof of the compressor 
house, are shown the outlines of the cooUng chambers. Fig. 246 shows 
a plan of the same equipment. C, D, E and F are the various cooUng 
chambers which can best be described by reference to Fig. 247, but 
before passing to this it is well to note that the cooling chambers are 
so arranged in reference to the blast main A that the blast can be 
thrown through them by closing the intermediate valve B, or by clos- 
ing the cut-off valves in the connecting necks and opening the inter- 
mediate valves, the cooling chambers can be cut off and the blast can 
go to the stoves direct, thus giving an opportunity to throw the refrig- 
erating plant out of service without shutting down the furnace. 

Fig. 247 shows the coolers C, D, -B, F as if they were arranged in 
a straight line so as to show the currents through them. C is a heat 
exchanger in which the cold outgoing air is warmed up almost to inlet 
temperature by the warm incoming air from the blowing engine. This 
accomplishes two good results. It sends the air warm to the stoves, 
and, much more important, it does a part of the cooling which would 
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have otherwise to be done by more expensive means, i.e., direct refrig- 
eration. 

From C the blaat passes into D, which is simply a spray tower sup- 
plied with natural cold water. This continues the refrigeration begun 
in C, and remembering that cooUng-water is generally available at 
or below the dew-point of the air, and that the density of the air is 
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Fig. 245. Elev&tion of carrier dry-blaat plant 
(ammonia compreesora motor driven). 

approximately doubled by compresdon before entering this system, 
it is obvious that the temperature produced by such natural cooling- 
water will precipitate much of the moisture. From D the air passes 
into the base of E, which like C is a heat exchanger. The cold air 
coming from the second spray tower presently to be described, and at 
the lowest temperature reached in the system, enters at the top of E 
as shown, while the incoming air to be refrigerated enters at the bot- 
tom, and passing in counter-current through the tubes of the exchanger 
is cooled to an important extent, while the outgoing blast is, so to 
speak, prewarmed for its entrance into C, because of course it is by- 
passed around D and passes directly from E to C. From E the ingo- 
ing air enters the second spray tower F cooled with water refrigerated 
to a temperature between 32° and 40° F. These spray towers have 
two great advantages. First, they avoid the use of expensive tubes 
for heat transmission. Second, they obtain immediate and practically 
unlimited contact with the air to be cooled, so that the drop in temper- 
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ature between the two is practically negligible. The incoming air 
therefore is reduced virtually to the temperature of the cold rain, or 
somewhere about 38° F, From Fig. 242 it will be 8een that at 
this temperature the moisture is .38 lb. per cubic foot; from this, 
remembering the compression of the air under which these conditions 



Fig. 246. Plan of Carrier diy blast plant. 

prevail, we find .19 lb. per cubic foot as the equivalent moisture in 
uncompressed air. This corresponds to a dew-point of 22° and is as 
low as it is economical to go in blast refrigeration. 

One point of much importance is to be noted here. The tempera- 
ture of the cold rain is well above the freezing point, while to secure 
a corresponding degree of refrigeration on the precompression system 
it is necessary to refrigerate well below the dew-point, and this intro- 
duces all the complications caused by ice. 

Both the pre-compression and post-compression systems have their 
advantages and their disadvantages. One of the principal merits 
claimed for the dry blast in its early days was that it produced a 
uniformity in conditions, in the quantity of air and the oxygen con- 
tained therein, delivered to the furnace per minute, and a considerable 
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number of metallurgists attributed entirely to this fact the improve- 
ment in the operation of the furnace which it brought about. To 
the latter view I have never been able to subscribe. I shall later 
show what seemed to me conclusive reasons for believing that the 
great advantage of the dry blast lies in its dryness. At the same 
time the advantages of uniformity are not for a moment to be 
ignored. Now it is obvious that if the blast be reduced to a constant 
temperatiu-e, say to 25** F., which was the practice at one time, 




Dew Eolnt Cooler 2nd Interchonaer Eote Cooler lat latorchangor 

Fig. 247. Diagram showing arrangement of cooling towers and 
regenerators of carrier plant in proper relation. 

nearly all the moisture is removed from it, as shown by Fig. 242, 
and the quantity remaining is made perfectly uniform while the 
temperature and therefore the density of the air are likewise rendered 
uniform. It then becomes necessary only to run the blowing engine 
at a constant speed to secure all the advantages of a constant weight 
of air per minute to the furnace. If a constant quantity of air be 
blown it is obvious that its volume after compression must vary from 
hour to hour and day to day on account of the varying pressure 
required by the blast-furnace which produces a corresponding varia- 
tion in the density of the air. Therefore if the quantity of moisture 
per cubic foot be kept the same by having an absolutely uniform 
temperature after refrigeration, the variation in the number of cubic 
feet due to the cause just explained still causes some variation in the 
actual quantity of moisture delivered to the furnace. 

In recent years it has become the practice to change the speed of 
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the blowing engine according to changes in the temperature of the 
inlet air, to compensate for the corresponding variations in its absolute 
volume. No difficulty is found in keeping constant the weight of air 
delivered to the furnace by this simple means. The Carrier Air Con- 
ditioning Company has applied the same idea to securing a constant 
quantity of moisture in the blast irrespective of the blast pressure, 
regulating the dew-point by means of changes in the temperatures 
of the refrigerating apparatus; it has also developed a mechanism 
whereby this change is automatically made, thus securing a constant 
weight of moisture with varying blast pressure. 

So far no one has as yet introduced a compensation for variations 
in barometric pressure, though doubtless that refinement will come at 
some plants in time. 

Another respect in which the pre-compression and the post-com- 
pression system differ is that with the former all the air is delivered 
to the blowing engine cold, and the reduction in volume resulting from 
this causes a proportional reduction of the power required by the main 
blowing engine. On the other hand, the refrigeration imparted to 
the air at a considerable expense, is lost except for this saving. Now 
it can easily be proven by thermo-dynamics that if both the refrigerat- 
ing machine and the blowing engine were perfect the total power 
required to refrigerate the air down to any desired temperature, and 
then compress it from that low temperature, would be exactly the 
same as the power required to compress it directly from atmospheric 
temperature. It becomes therefore a question as to which machine is 
the most efficient, a question easy to decide, for we know that good 
blowing engines are from 85 to 90 per cent, efficient, while even 
good refrigerating plants are only around 55 per cent. It is obvious, 
therefore, that it pays to save power in the refrigerating machine even 
at the expense of the blowing engine. But another point is to be 
considered here. When the pre-compression S3rstem is used the blast 
containing much of the heat of compression passes at once to 
the stoves and of course reduces the amount of heat to be imparted 
by the stoves proportionately, whereas the post-compression system, 
if applied the same as the original pre-compression systems, would 
deliver strongly refrigerated air to the stoves with corresponding 
increase in the heat required of them. 

It is partly to overcome this disadvantage that the Carrier Com- 
pany uses the first exchanger shown in its system, since by the aid of 
this it can warm up the outgoing air to within a few degrees of the 
temperature of the incoming air. This puts matters on practically 
an even basis as regards the heat to be supplied by the stoves. 

Using the post-compression system permits giving paramount con- 
sideration to the power requirements, and these, as has been pointed 
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out, are greatly reduced by the use of exchangers and the two-stage 
system. They are also further reduced by the fact that the tempera- 
ture to which the air must be refrigerated is not nearly so low as under 
the pre-compression system to reduce the moisture to the same number 
of pounds per minute. This has a very decided bearing on the power 
requirements, since it has been shown (see article in Metallurgical and 
Chemical Engtneeringf December, 1912, above mentioned) that the 
power required for any given quantity of refrigeration (Q) is 

HP = 0.0235 Q(Z + 3.7 Z ») 

Ti-Ti 
in which Z is equal to — yp — and this is obviously less as the temper- 
ature to which we refrigerate is raised. Moreover, while the quantity 
of refrigeration for the condensation of the moisture is the same, that 
for the cooling of the air is less, because the temperature to which the 
given weight of air is cooled is not so low in the post-compression sys- 
tem as in the other, it is therefore obvious that the power required 
must be very materially less with this system than with pre-com- 
pression. 

A considerable advantage in the use of exchangers inheres in the 
post-compression system for the reason that the greater density of 
the air greatly increases the ease with which heat may be imparted 
to or abstracted from it, and the exchangers can therefore be smaller 
on this system than they could for an equal degree of efficiency if 
used on the pre-compression system. 

The slightly lowered temperature at which the air is delivered to 
the stoves constitutes the principal objection to this system when the 
blast-furnace pressure is twelve pounds or more, but when the pressure 
is less than this the reduction in volume of the air is very much smaller 
and the advantage of the system falls off proportionately, so that there 
may be cases in which it is desirable to use the pre-compression sys- 
tem, but in such cases there is no excuse for not using two-stage cooling 
and regeneration. 

It may be thought that the cost of the regenerator is just that 
much addition to the total cost, but this is by no means the case. 
The regenerator does, without consuming any energy, a part of the 
refrigeration which would otherwise have to be done by the refrigerat- 
ing machine, and therefore makes a proportionate reduction in the 
size of refrigerating equipment required, whose cost per unit of work 
done is of course very much greater than the cost of the regenerator. 

By the use of the rain system two great advantages are obtained. 
First: The avoidance of the heavy cost for brine-circulating coils and 
the chambers in which to enclose them. Second: The avoidance of 
the additional drop of temperature required to force the heat from 
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the air into the brine through pipe walls which involves a lower tem- 
perature of refrigeration for a given degree of moisture removal. 
The whole plant is made smaller and more compact and in every 
way cheaper and better by this system. 

If rain be used for carrying the heat from the refrigerating coils 
to the air, as is most desirable, and if the second stage of the re- 
frigeration takes the temperature below the freezing point as a pre- 
Gompression system should probably do, it becomes necessary to use 
a non-freezing solution for this purpose. Brine, preferably made with 
calcium chloride, should be used and as this obviously takes up most, 
if not all of the moisture from the air which it cools, an evaporator 
must be arranged at some point in the circuit lo remove the accumu- 
lated water from the system and maintain the strength of the brine. 
In such a case a heat exchanger should be installed between the re- 
frigerating system and the evaporator so that the "cold" in the incom- 
ing and the heat in the outgoing brine may both be conserved. 
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Air, compressed, 370 

moisture in, 384 

preheated, 190 

valves, automatic, 131 
in blowing engines, 124 
Allis-Chalmera Co., 148, 179, 181, 187 
American Institute of Mining Engineers, 

52, 54, 58, 160, 164, 229, 298 
American Iron and Steel Institute, 257 
American Kron Scale Company, 47 
American Society of Mechanical Engineers, 

179, 384 
American Steel & Wire Co., 263 
Ammonia-compression refrigeration ma- 
chine, 387, 389 
Arrangement of plant, 359, 373 

boilers and engines, 380 

casting house, 373 

disposal of iron and slag, 382 

distance apart of furnaces, 376 

elevation of furnace, 379 

railroad tracks, 373 

stoves and hot-blast main, 378 
Ashland furnace construction, 268 

Babcock & Wilcox, 117 

Babcock & Wilcox boiler, 107, 112, 113 

Bachman, F. E., 264, 293 

Bacon, C. J., 187 

Baker bin, 38 

rotating top, 67, 72, 87, 90 
Barrows, W. A., 52 
Barrows, filling, 11 
Baasert, H. A., 257 
Bauman bell and hopper, 54 
Bed, definition, 328 
Bell and hopper, 48, 53, 54, 62 

handling for repairs, 93 

hoisting apparatus, 91 

operating apparatus, 87 
Bessemer process, 337 
Bethlehem Steel Co., 187, 239, 291 
Bian gas washer, 308 
Bibus pump, 168 



Bins, storage, 31 

Baker suspension typo, 38 

Brown parabolic, 32 

Hoover and Mason, 34 

Wellman-Seaver-Morgan, 35 
Birdsboro Foundry & Machine Co., 249 
Blast-furnace, abrasion by the stock, 235 

air, preheated, 190 

arrangement of plant, 373 

auxiliaries, 359 

blowing apparatus, 119 

boiler plant, 99 

capacity, 2, 8 

charging apparatus, 38 

chemical action on lining, 233 

classification by fuel, 6 

compressed air supply, 370 • 

constructions adopted, 236 

definition of blast furnace, 2, 4 

delivery of stock, 16 

development from Catalan forge, 3 

dry blast, 383 

electric supply, 371 

filling, 48 

fuel requirements, 3, 4 

gas current, abrasive action, 235 
handling system, 285 
seal, 59 

gases, 99 

general arrangement, 359 

hand-filling, 11 

handling iron and cinder, 328 
materials, 7 

hearth and l)ottom, 238 

heat of blast and slag, 4 

heating the blast, 100 

hoisting engines, 9 

in mechanical charging, 38 

hot-blast stoves, 190 

labor, 6, 8, 11, 14, 15, 17, 61, 98, 173, 
331, 339 

lining, chemical action on, 234 

mechanical filling, 15, 60 

output, 7 
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Blast-furnace, plant, required sixe, 6 

power plants, 103 

pressure, 236, 241 

pumping machinery, 363 

requirements, 4 

scales, 44 

size of plant, 6 

stack, construction of, 23.') 

stand pipes, 366 

stock distribution, 49 
hoisting, 9 
line recorder, 93 

storage J^ins, 31 

stoves needed per furnace, 225 

temperatures of hearth, 233 

thin-lined, 262 

tops, 62, 64, 65, 67, 82 

union with steel plants, 102 

unloading machinery, 17 

waste-water system, 369 

water-supply system, 359 

weighing materials, 44 
Blow-ofif valves, 220 
Blow pipes, 278 
Blower, turbo, 155 
Blowing apparatus, 119 

air valves, 124 

choice of type of engine, 185 

compounding, methods of, 135 

disconnected compound, 140, 141 

engine friction, 136, 137, 144 

engines, review of types, 142 

gas-driven engine, 172 

inertia of reciprocating parts, 136, 
137, 144 

long cross-head type, 119, 145 

pot valves, 126 

steam valves, 151 

vertical quarter crank engine, 142 
Boil, definition, 329 
Boiler house, location, 380 
Boiler plant, 99 

Babcock & Wilcox type, 107, 112, 
113, 117 

cleaning, 116 

cylinder boilers, 101 

Dutch oven, 109, 113, 115 

gas burners, 113 

grates, precautions, 115 

Heine boiler, 105 

horizontal tubular, 103 

Rust boiler, 112 

Stirling boiler, 110 



Boiler plant, water-tube, 103, 104 

Bosh, construction of, 246 

Boynton, A. J., 217, 284 

Brassert- Witting whirler, 301 

Breaking iron in beds, 330 

Brick stoves, 200 

Brickwork of furnace, 271 

Bridges, traveling, 18 

Brine-circulation system, 387, 393 

Broden, Albert, 261 

Brown, Alexander E,, 17, 32, 39, 67 

Brown, Fayette, 67 

Brown Hoisting Machinery Co., 17 333, 

353 
Brown-hoist fast plant, 17, 22 

rotating top, 67, 68 

skip hoist, 41, 42 

storage bin, 32 
Browning & Co., Victor R., 354 
Bucket, clam-shell, 353 

filling apparatus, 15, 38, 43 

hoist, counterweighting, 42 

system of distribution, 80 
Burden, 44 
Burners, stove, 216 
Bustle pipe, 278 

Calibration of air-measuring apparatus, 

164 
Car, cinder, 348 

dimipers, 29 
Carbonaceous fuel to reduce iron, 2 
Carbonates containing iron, 1 
Cards, steam and air, 125, 149, 151, 153, 

154, 166 
Carnegie Steel Co., 15 
Carrier Air Conditioning Co. of America, 

399,403 
Carrier, W. H., 384 
Cast iron defined, 3 
Casting in chills, 329 
in sand beds, 328 
machines, 339 
Catalan forge, 2, 3 
Charcoal furnaces, 7 
Charging, mechanical, 60 

scales, 45 
Chemical action in furnaces, 233 
Checkers in hot blast stoves, 224 
Child, E. T., 149 
Chills, casting in, 329 
Chimney valves, 217 
Cinder, casting, 356 
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Cinder, concrete, 356 

handling, 328 

skimming, 344, 347 
Cleaning boilers, 116 
Cleaning the gas, 285 

Bian gas washer, 308 

Brassert-Witting whirler, 301 

Cottrell electrical method, 325 

disintegrator systems, 310 

downcomers, 285, 287, 291 

dry cleaning, 301, 317 

Duquesne spray tower, 306 

dust catchers, 291 
content, 301, 320 

DybUe whirler, 301, 303 

efficiency of dry cleaning, 305 

explosion doors, 288 

Feld gas washer, 314 

Fowler and Medley vertical gas 
washer, 313 

Halberger-Beth system, 305, 317, 322 

Kapnograph, 318 

MuUen gas washer, 295 

outlets from furnace top, 287 

Reco centrifugal gas washer, 315 

Schiele system, 308, 310 

Schwarz-Bayer disintegrator gas 
washer, 310 

scrubbing process, 297 

sepulchre gas washer, 316 

Theisen gas washer, 308 

wet cleaning, 306, 308 

Zschocke system, 306, 308 
Cleveland Furnace Co., 356 
Coke, abrasive quality, 235 

barrows, 13 

breakage, 65 

shatter test, 66 
Cold-blast valves, 214 
Coleman, E. P., 179 
Colorado Fuel and Iron Co., 41, 112 
Compounding, methods of, 135 
Compressed air for cleaning boilers, 117 

supply, 370 
Concrete, cinder used for, 356 
Condensation of moisture, 385 
Condensers for blowing engines, 167 
Construction of stack, 233 
Constructions adopted for blast fumaceB, 

236 
Cook, E. B., 261 
Cooling plates, 246, 255, 359 
Cores, definition, 330 



Corliss air valves, 124 

steam valve, 151 
Cottrell gas cleaning method, 325 
Counter-current principle, 2 
Coimterweighting in filling, 42 
Crane, Brown hoist, 353 

use in cast house, 332 
Cross-head blowing engines, 119, 145 
Croxton, D. T., 356 

Dalton's law, 383 

Detroit Iron k Steel Co., 263 

Denton, Prof., 389 

Dew point, 384 

Diagram factor of air cards, 166 

Diehl, A. N., 229, 298, 322 

Disintegrator systems of cleaning gas, 310 

Distribution of stock, 49 

bucket system, 80 
Ditch around hearth jacket, 243 
Double-bell furnace top, 62 
Downcomer, 285, 287, 291 
Dry blast, 383 

advantages, 401 

brine-circulation system, 387, 393 

condensation of moisture, 385 

moistmre in air, 384 

post-compression system of refrigera- 
tion, 399, 403 

rain ^stem of refrigeration, 399 

refrigeration of moisture, 385, 389 
Dry cleaning of gas, 301, 317 
Duquesne furnaces, 80, 332 

revolution, 15, 49, 61, 66, 67, 102, 288, 
289, 328, 333 

spray tower, 306 
Durham bell and hopper, 54 

iron-pipe stoves, 199 
Dust catchers, 291 

content in gas, 301, 320 
Dutch oven in boiler plants, 109, 113, 115 
DybUe whirler, 301. 303 

Electric hoisting engine, 10 

supply, 371 
Electrical method of cleaning gas, 325 
Electricity for ore-handling machinery, 30 
Elevation of furnace, 379 
Empire Iron & Steel Co., 155 
Engine house, location, 380 
Engineers' Society of Western Pennsyl- 
vania, 229 
Engines, blowing, 119 
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Engines, blowing, choice of types, 185 

compound, 135 

condenser, 167 

cut-ofT, 152 

diagram factor of air card, 166 

disconnected compound, 140, 141 

efficiency, 166 

energy, transmission of, 136 

friction, 136, 137, 144 

gas-driven, 172 

horizontal cross-compound, 147 

horizontal-vertical, 143 

inertia of reciprocating parts, 136, 
137, 144 

inside-crank, 148, 149 

long cross-head type, 119, 145 

market value of power produced, 187 

pressure, steam and air, 138 

reciprocating and turbine combined, 
170 

steam and air cards, 125, 149, 151, 
153, 154, 166 

steam valves, 151 

steeple type, 145 

stresses, 152 

taU-slide, 149 

turbo blower, 155 

vertical quarter-crank, 142 

vertical tandem cross-compound, 145 
Entropy defined, 391 
Equalizer for blast temperature, 227 
Equipment of plant, 359 
Explosion doors, 288 

Fairbanks charging scale, 45 
Federal Furnace Co., 374 
Feld gas washer, 314 
Filling-barrows, 11 
Filling the blast furnace, 48 

bell and hopper, 53 

breakage of the coke, 65 

bucket system of distribution, 80 

gas seal, 60 

skip, 61 

spiral, 52 

stock line recorder, 93 
Firebrick, 271 

drying the lining, 277 

laying, 274 

stoves, 200 
Firmstone, Frank, 58, 173 
Firmstone, H., 193 
Firmstone bell and hopi)er, 54 



Forbes, W. A., 298, 300, 322 
Ford-Parkes furnace top, 82 

system of bucket filling, 39 
Fowler and Medley vertical gas washer, 

313 
Freyn, H. J., 187 
Friction, engine, 136, 137, 144 
Fritz, John, 135 
Fuels for blast furnace, 3, 4 

classification of furnaces by, 6 

mineral coal, 347 

phosphorus content, 5 

physical strength, 5 

porosity, 5 

sulphur content, 5 
Fume of furnace gas, 286 
Furnace main connections, 368 

tops, accessibility for repairs, 91 

Baker tops, 67, 72, 87, 90 

bell-operating apparatus, 87, 91 

double-bell, 62 

Ford-Parkes top, 82 

gas outlet, 287 

guiding the bell movement, 85 

McKee rotating top, 67, 76, 79 

Neeland tyj)e, 65 

protection of, 258 

repairs on bell, 93 

Roberts type, 64 

rotating, 67, 76, 79 

Rowe type, 64 

shape, 261 

Gas, analysis, 285 

cleaning and washing, 285 

current, velocity, 235, 286 

dust content, 301 
determinator, 320 

engine tw. steam turbine, 372 

fume, 286 

moisture determinator, 320 

seal, 59 

volume determinator, 320 

water vapor in, 297 
Gas-driven blowing engines, 172 

adapting to variable loads, 175 

adoption in Europe and America, 173 

cleaning the gas, 175 

diflSculties, 174, 176 

double acting with tandem cylinders, 
176 

expense of oi>erating and mainte- 
nance, 177 
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Gas-driven blowing engines, four-cycle 
type, 179, 181 

indicator cards, 183 

Koerting type, 178, 179 

speeds, 183 

two-stroke cycle type, 178 

types, 178 

uncertainties of operation, 176 
Gase8, Dalton's law, 383 

from furnaces, 15, 99 

in fiimaces, burners for boilers, 113 
Gayley, James, 385, 387, 398 
General Electric Co., 155, 160, 187 
General Electric turbo blower, 159 
Gibbs, J. WiUard, 391 
Glendon Iron Co., 58, 173 
Glendon iron-pipe stoves, 199 
Granulation, 352 
Grates in boilers, 115 
Gray, Macfarlane, 391 

Hall)erger-Bcth gas-cleaning system, 305, 

317, 322 
Hand-filling, 11, 49 
Handling iron and cinder, 328 

breaking the irob, 330 

casting in chills, 329 
in sand beds, 328 
machines, 339 

cinder ladles, 348 

hot-metal ladles, 338 

iron trough and skimmer, 344 

Killeen skimmer, 344 

laying out slag dump, 351 

liquid pig iron, 337 

mixer, 337 

molding up sand beds, 336 

molds, 343 

pig breaker, 332 

Pollock hot-metal car, 338 

recovering iron from slag, 358 

runners, iron, 346 

skimming the cinder, 344, 347 

slag, disposal of, 346 
granulation, 352 

Treadwell hot-metal car, 339 

Uehling machines, 340 
Handling raw materials, 7 
Hartman, John M.. 227, 350 
Hearth of a furnace, 238 
Heated blast, 4 
Heine Safety Boiler Co., 105 
Hclander, A. H., 168 



Helander condenser, 168 

Heyl & Paterson Co., 340, 342 

High-furnace, 2 

Hoisting in mechanical charging, 38 

power, 9 
Hoover and Mason apparatus, 18, 22, 25, 

34 
Horizontal tubular boilers, 103 
Hot-blast stoves, 190 

baffle walls, 198 

blow-ofif valves, 220 

bottom and base ring, 223 

brick stoves, 191, 200 

central combustion chamber stove, 
201,207 

checkers, 224 

chimney valves, 217 

cleaning gas, 229 

cold-blast valves, 214 

domes, 223 

Durham iron-pipe stoves, 199, 226 

equalizing the blast temperature, 
227 

firebrick stoves, 200 . 

Glendon iron-pipe stoves, 199 

heating surface, 228 

hot-blast valves, 209 

iron-pipe stoves, 192 

joints of iron-pipe stoves, 193 

Kennedy-Morrison valve, 218 

location in plant, 378 

McClure stoves, 201, 204, 205 

McKee-Neilson stoves, 206 

main location, 378 

number per furnace, 225 

packing, 221 

pipes, shape of iron, 198 

regenerator, 191 

Roberts three-pass stove, 203 

Roberts two-pass, 207 

roof of iron-pipe stove, 198 

size, 228 

Spearman burner, 216, 218, 219 

stack for stoves, 222 

stove burners, 216 
castings, 220 

three-pass stove, 201 

two-pass stoves, 205 

valves and fittings, 209 
Hot-blast valves, 209 
Hot metal, 338 
Hulett, George, 22 
Hulett unloader, 22 
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lUinoiB Steel Works, 103, 187, 263 

Indiana Steel Co., 374 

Inertia of reciprocating parts of engines, 

136, 137, 144 
Ingersoll Rand Co., 131 
Ingersoil Rogler valve, 131 
Inland Steel Co., 219, 240, 242 
Inwall of furnace stack, 254 
Iron, carbonates containing, 1 

cast, 3 

handling, 328 

metallurgy of, 2 

ores of, 1 

oxides of, 1 

prevalence in earth, 1 

recovering from slag, 358 

requirements to produce a ton, 6 

sulphides of, 1 

wrought, 3 
Iron-pipe hot blast stoves, 192 
Iroquois Iron Co., 155 
Isabella furnaces, 385, 387 
Iverson valve, 133 

Jones, T. C, 352 
Jones, W. R., 337 

Kapnograph, 318 

Kennedy, Hugh, 200 

Kennedy, John S., 227 

Kennedy, Julian, 77, 90, 128, 209, 262, 289, 

374 
Kennedy inlet valve, 128, 129 

-Morrison valve, 218 

rotating top, 77 
Kerr, D. G., 62 
Killeen, Michael, 344 
Killeen skimmer, 344 
Kluttz, W. L., 46 
Koerting injector, 316, 317 

gas engines, 178, 179 

Labor in furnaces, 6, 8, 11, 14, 15, 17, 61, 

98, 173, 331, 339 
Lackawanna Steel Co., 178 
Ladd, James B., 335 
Ladles for hot metal, 338 
Langen charger, 57 
Larry cars, 43 

Lidgerwood Manufacturing Co., 11 
Lining of furnaces, 262 

chemical action on, 234 

drying, 277 
Longdate Iron Co., 56, 193, 198, 200 



Lorraine blast fumaoe, 284, 374 

Low furnace, 2 

Lucy furnaces, 80, 262, 263, 

McClure & Sons Co., George W., 201, 209 

McClure stove, 201, 204, 205, 220 

McKee, Arthur G., 38, 76, 79, 206 

McKee-Neilson stoves, 206 

McKee rotating top, 67, 76, 79 

McMurray, Max, 263 

Mains, water, 367 

Mechanical charging, 60 
fiUing, 15 

Mesta cross-compound steam blowing en- 
gine, 150 

cross-head blowing engines, 121 
Machine Co., 133, 154, 168, 177, 181 

Metallurgy of iron, definition, 2 

Midvale Steel Co., 62, 128 

Mineral fuel, 347 

Mixer, 337 

Moisture in air, quantity, 384 

Molding up sand beds, 336 

Motor-driven hoist, 10 

Mullen, B. F., 295 

Mullen gas washer, 205 

Musconetcong furnace, 227 

National Steel Co., 65 
Neeland, M. A., 15, 65, 80 

fumaoe top, 80 

hoisting apparatus, 39 
Neilson, James B., 4, 190 
Neilson two-pass stoves, 206 
Nordberg, B. V., 126. 149 

compressors, 144 

Manufacturing Co., 126, 140 
Northern Iron Co., 155, 264, 293 

Ore barrows, 13 

bridges, 18 

-handling machinery, 17, 30 

unloading from' vessels, 17 
Ores of iron, 1 
Otis Elevator Co., 11, 89 
Output of blast furnaces, 7 
Oxides of iron, 1 

ParaboUc bin, 32 
Pennsylvania Steel Co., 300 
Penstocks, 278 
Phosphorus in fuel, 5 
Pig breaker, 332 
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Pig iron, definition, 328 
Pioneer Blast Furnaces, 379 
Pipes, water main, 367 
Plan of blast furnace plant, 373 
Plant, auxiliaries and general arrangement, 
359 

size of, 6 
Pollock cinder ladle, 349, 350 
Pollock Co., W. B., 216, 238, 338, 350 
Poppet valves, 126, 127, 151 
Porosity of fuel, 5 
Port Henry Furnace, 264 
Post-compression system of refrigeration, 

399,403 
Pot valves, 126 
Power boiler cleaners, 117 

hoists for stock, 9 

house, locati<on, 380 

plants, 103 
Pressure in blast furnaces, 236 

in hearth, 241 
Pueblo, skip hoist used at, 41 
Pumping machinery, 363 

centrifugal pump, 364 

direct-acting steam, 363 

electric motors, 365 

triplex plunger, 365 

vertical plunger, 364 

Rain system of refrigeration, 399 

Rateau, M., 155 

Rateau turbo blower, 156 

Raw materials, 7 

Reading Iron Co., 261 

Reco centrifugal gas washer, 315 

Reciprocating engine combined with turbo 

blower, 170 
Refrigeration of moisture in air, 385-405 

post-compression system, 399, 403 

rain system, 399 
Regenerator, 191 

Republic Iron and Steel Co., 46, 379 
Revolving furnace tops, 67 
Reynolds, Edwin, 127 

poppet valve, 127 
Rice, Richard H., 160, 161, 187 
Richards, J. W., 165 
Riedler, Mr., 126 

Roberts & Co., Frank C, 204, 207, 209, 
214, 217, 264, 387 

Frank C, 64, 261, 263 

furnace top, 64 
Roberts three-pass stoves, 203 



Roberts two-pass stove, 207 
Roessing-Ernest Co., 315 
Rogler valve patents, 131 
Rotating furnace tops, 67 
Rotofif, Mr., 80 
Rowe furnace top, 64 
Rimners, iron, 346 
Rust, E. G., 41, 112 
Rust boiler, 112 

Sand beds, casting in, 32S 

molding up, 33G 
Scale cars, 31, 43, 47 
Scales, 44 

Schiele system, 308, 310 
Schroter, Prof., 389 
Schwarz-Bayer disintegrator gas washer, 

310 
Scott, James, 262 
Scrubbing gas, 297 
Sepulchre gas washer, 316 
Sewer system, 369 
Shaft of blast furnace, 254 
Shatter test of coke, 66 
Shipley, Thomas, 389 
Siemens, William, 191 
Size of blast furnace, 6 
Skimmer, iron, 344 
Skip filling, 43, 61 

skip hoist, 39 

counterweighting, 42 

dumping the skip, 42 

location of sheaves, 41 
Slag, disposal of, 346 

granulation, 352 

laying out the dump, 351 

necessary heat, 4 
Slick, E. E., 62, 128 
Southwark air valve, 130 

cross-head blowing engine, 120 

Foundry & Machine Co., 130, 140, 
145, 149, 153-155, 167 

turbo blower, 156 
Sow, definition, 328 
Spearman burner, 216, 218, 219 
Spiral filling, 52 
Stack construction, 233 

abrasion by stock, resistance to, 
235 

Ashland construction, 268 

blow pipes, 278 

bosh, 246 

bustle pipe, 278 
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Stack construction, chemical action, resis- 
tance to. 233 

conditions to be met, 233 

constructions adopted, 236 

cooling plates, 246, 255 

ditch around hearth jacket, 243 

drying the lining, 277 

filling the packing space, 276 

firebrick, 271 

gas current, resistance to, 235 

hearth and bottom, 238 

Inland Steel Go's, construction, 241 

laying firebrick, 274 

lining, thin, 262 

penstocks, 278 

pressure, resistance to, 236 

shaft or inwall, 254 

shape of furnace top, 261 

stock line, protection of, 258 

temperature, resistance to, 233 

top of furnace, 258 

tuydre zone, 245 

water cooling, 242 

wicket, 282 
Stacks for hot-blast stoves, 222 
Stand pipes, 366 
Steam hoisting engines, 9 

turbine vs, gas engine, 372 
Steece, R. C, 294 
Steel castings for stoves, 221 

plants connected with furnaces, 102 
Stenbakken, Ole, 219 

burner, 217, 219 
Stewart, Samuel, 350 
Stirling boilers, 110, 118 
Stock, delivery to furnace, 16 

distribution, laws of, 49 

hoisting, 9 

house, 7 

line, protection of, 258 

recorder in furnace, 93 
Storage bins, 31 
Stove burners, 216 

castings, 221 
Streeter-Amet Co., 46 
Stresses in blowing engines, 152 
Sulphide of iron, 1 
Sulphur in fuel, 5 

Temperatures in furnace hearths, 233 
Tennessee Coal & Iron Co., 263 
Theisen, Herr, 175 

gas washers, 308, 310 



Thomas, Samuel, 379 

Thompson Steel Works, Edgar, 60, 62, 128, 

337,344 
Thwaites, P. H., 173 
Tod Co., William, 138, 147, 153, 154, 168, 

175, 179, 183 
Traveling bridges, 18 
Treadwell cinder ladle, 349, 350 
Treadwell Engineering Co., 339, 350, 351 
Trough, iron, 344 
Turbo blowers, 155 

air governing device, 159, 160 

calibration of air meters, 164 

combined with reciprocating engine, 
170 

disadvantages, 165 

driven by low-pressure turbine, 170 

failures, 166 

General Electric type, 159 

inefliciency, 165 

pulsation of discharge, 165 

South wark Rateau type, 156 

Venturi meter, 159 
Tuyere zone, 245 

Uehling, E. A., 340 

United States Steel Corporation, 62, 217, 

387 
Unloading ore from vessels, 17 

Valentine, S. G., 164, 165 
Valves, air, 124 

automatic air, 131 

blow-off, 220 

chimney, 217 

cold blast, 214 

Corliss, 151 

hot-blast, 209 

Ingersoll Rogler valves, 131 

Iverson valve, 133 

Kennedy inlet valve, 128, 129 

poppet, 126, 151 

pot, 126 

Reynolds' poppet valve, 127 

Southwark air valve, 130 

steam, 151 
Vames, S. K., 300 
Velocity of gas current, 286 
Venturi meter, 159 
Vertical two-cylinder hoisting engine, 9 

Wages of ore handlers, 15 
Wan^'ick Iron (/O., 203 
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Washing the gas, 285 
Waste-water system, 369 
WaterH3Upply system, 359 

furnace main connections, 368 

mains, 367 

pumping machinery, 363 

stand pipes, 366 

waste water, 369 
Water tube boilers, 103, 104, 116 

vapor in gas, 297 
Watt's steam engine, 87 
Weighing raw materials, 44 
Weimer, P. L., 144, 173 
Weiss condenser, 167 
WeUman-Seaver-Morgan apparatus, 18, 
22,35 



West, Arthur, 187 
Westinghouse Machine Co., 155 
Wet cleaning of gas, 308 
Whitwell, William, 191 
Wicket, 282 
Witherbee, T. F., 54 
Witherbee bell and hopper, 57 
Woodward Iron Co., 350 
Wrought iron defined, 3 

York Manufacturing Co., 389 

Zschocke system of cleaning gas, 306, 308 
towers, 308, 311 
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